
 

49 

 

 

SIMULATION TECHNIQUES AS A SELECTING METHOD FOR THE 

REGIONAL INDUSTRIAL-INNOVATION SYSTEM FORMATION 

MARGARITA CHUPRINA, MARYNA PICHUGINA 

Abstract 

It is determined that optimization of the regional industrial complex strategic potential 

development is the key to the systematic and balanced development of the country as a 

single national complex. The target aggregate indicator of the regional industrial 

complex innovative development is proposed in order to evaluate the efficiency of the 

regional industrial and innovation system. The optimization algorithm for evaluation 

and selection of possible directions for the regional industrial-innovation system using 

the methods of simulation modeling is carried out. The application of the simulation 

model is conditioned by the necessity of calculating the criteria for assessing the 

directions of a regional industrial innovation system in conditions of high uncertainty. 

The procedure of expert assessments for the formalization of the optimal regional 

industrial-innovative system for a certain regional industrial complex is clarified. 
 

Keywords: regional industrial complex, regional industrial-innovation system, methods 

of simulation modeling 

Introduction  

The effective formation and increasing of the SP of RIC (strategic potential of 

regional industrial complexes) in terms of resource constraints and unstable 

economic environment is possible only in case of constructing and 
implementing the regional industrial and innovation system (RIIS). It should be 

noted that in recent decades there has been a fairly widespread study of the 

basics of the innovative strategy for the development of regions. Theoretical 
and applied aspects of the RIIS is highlighted in the works of I. Aleksandrov, 

O. Demeshok, V. Mikitenko, D. Stechenko, V. Khudoley, and others. While 

paying tribute to the previous works, we highlight there is a need for a 

systematic study of the problems of the regional industrial innovation system as 
a key component of the effectiveness of RIC. After all, the RIC strategic 

potential is the key to the systematic and balanced development of the country 

as a single national complex and is based on the study of theoretical and 
methodological principles (theories, concepts, laws, principles and methods) 

and applied aspects of their manifestation, patterns, tendencies and factors of 

influence. 
The RIIS management is required to identify the specific functions of actors 

involved in the formation, growth and maintenance of the rational use of the SP 
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for each RIC. The purpose of the article is to construct an algorithm for 

evaluation and selection of possible directions for the formation of a regional 

industrial-innovation system with the use of simulation methods.  

Criterion for effectiveness of the RIIS  

In the conditions of resource constraints and unstable economic environment, 
the problem of forming a regional industrial-innovation system becomes 

important for ensuring the effectiveness of the management of the development 

of the RIC SP. We agree with idea (Shashyna and oth., 2014; Mykytenko, 
Demeshok, 2012;  Chuprina, Khudolei, 2010) that the purpose of creating and 

introducing the regional industrial-innovation system includes: a) sufficient 

conditions, attraction of available reserves; b) search and full development of 

the potential of the RIC (innovative, technological, informational, 
methodological and structural changes); c) construction and implementation of 

target functionaries and the formation of sub mechanisms of the industry 

innovation development in the region, as the main factor of its competitiveness.  
As a criterion for effectiveness of the RIIS, authors suggest to use the target 

aggregate indicator of the level of innovation development of the RIC (Kid), 

characterized by the dynamics of the primary performance indicators of the 
subsystems (Table 1). The value of each primary indicator is evaluated on a 

scale from 0 to 5 points, where the value of 0 points corresponds to the worst 

value, and the value of 5 points is the best. Each primary indicator is also 

assigned a weighted coefficient (Bi) demonstrating the significance of this 
indicator for evaluation. Target aggregate is determined by (1): 


=

=
n

i

iiid BXK
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                                          (1) 

where Xi - the value of the primary indicator in points; Bi - the weight of the 

primary indicator, which characterizes its significance; i=1..n - the number of 
primary indicators. 
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Table 1. Indicators to justify the level of performance of the RIIS within a 

certain RIC 

Target Indicators Primary Indicators 

Quality of the 
innovations 

creation subsystem 
(Кіd 1) 

• volume of fundamental research 
• volume of applied research 
• proportion of personnel engaged in research and development 
• volume of patent applications and patents for objects of intellect. 
property 
• number of created innovative technologies 

Quality of 
innovations 
development 

subsystem (Кіd 2) 

• the share of innovative enterprises in the real sector of the regional 
economy in the total number of enterprises in region 
• the share of innovative products in the total volume of shipped 
products 
• the share of exports of innovative industrial products in the total 
volume of exported products  
• number of used innovative technologies 
• share of expenses of different nature and efforts aimed at 
technological innovations in the total volume of shipped products 

The quality of 
subsystem that  

provides processes 
for the innovations 

development  
 (Кіd 3) 

• volume of services provided by innovation infrastructure 
organizations 
• number of scientific organizations and industrial enterprises that 
have received support from innovative infrastructure organizations 
• volume of transfer of innovative technologies in the RIC 
• number of incubated RIC innovative enterprises 
• volume of financial and investment resources made in the 
innovative area of the region 
• number of specialists who have been trained in educational 
programs for the innovative sphere of economic activity of a RIC 

    
Source: on base of (Mykytenko V., 2007; Baulina T. and oth.. 2010, 

Mykytenko V., 2009). 
 

Choosing the direction of the original RIIS  

 
The above makes it possible to formalize the optimization algorithm for 

choosing the best direction for the original RIIS (as shown in Fig. 1) according 
to the spiral-cyclic procedures. In this regard, we propose to use the expert 

method to evaluate and select possible areas for the formation of the RIIS. 

Existing methods of expert assessments can be divided into two classes: 

individual expert assessments and collective expert assessments. Empirical tests 
allowed authors to establish that group ratings are more reliable than individual.  
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Figure 1. Algorithm for choosing the direction of the original RIIS in 

accordance with the methodological model of its implementation 

 

In general, the block diagram of the procedure for the formation of group 

expert assessments has the form presented in Figure 2. At the same time, it 
should be noted that, depending on the nature of the relationship between 

experts, during the collective examination, the methods of collective expert 

assessment are divided into two classes: some use an open discussion, others - 

surveys using questionnaires. Representatives of an open discussion are 
methods of commissions and brainstorming attacks. The open discussion has its 

own negative sides. First, it does not exclude the pressure of subjectively 

controlled authorities - that is, the power of influence of senior officials, that is, 
the opinion of the majority adapts to the opinion of the most authoritative 

subjects of management. Secondly, the mathematical apparatus is not used to 

assess the general opinion of the whole group of experts and the degree of 

experts’ agreement. 
In this regard, the authors offer to question experts in questionnaires 

according to the Delphi method. It is a sequence of iterative interviewing cycles 

Yes 

Stage 1. Possible directions for the formation and definition of the 

stages of the RIIS within a certain RIC 

Stage 2. Analysis of the fulfillment of mandatory conditions for the RIIS and its 

implementation functions 

P≤Pp                Stage 3   

 Kid≥Kid                  Criteria and requirements for the reliability of the RIIS

 

 

Exclusion of directions / stages from 

further consideration 

Stage 4. Analysis of the directions for 

the RIIS in a specific RIC to the 

criterion: Кіd→max 

Stage 5. Analysis of the implementation of additional conditions for the definition 

of efforts within a certain RIC and rationalizing the processes of development 

management of the joint venture 

Stage 6. Coordination with the state and regional authorities with the content of 

the RIC and its focus on the formation and expansion of certain groups of 

potentials 

Stage 7. Decision-making on the implementation of the most attractive direction 

of the RIIS in the context of solving problems with SP management 
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with the subsequent processing of responses. Expertise is being carried out by 

the working group on the formation of the RIIS, which is preliminary tasked 

with the expediency of making efforts to form, build, and use a particular group 
of potentials included in the RIC SP. 

 

 

Figure 2. Block diagram of the procedure for the formation of group expert 

assessments in order to formalize the architecture of the RIIS optimal for a 

specific RIC 
 

After each iteration, the experts receive information about the group expert 

assessment for the previous iteration and the assessment of the consensus of 
expert opinions. This is the principle of feedback. As an indicator of the degree of 

coherence of expert opinions, which will determine the probability and reliability 

of the results, it is proposed to use the coefficient of variation of the predictive 

assessment of the directions of formation of the RIIS. 
It should be noted that the consensus of opinions increases if the coefficient of 

variation of the group forecast is reduced from the tour to the tour. The experience 

of organizing expert surveys in the field of strategic management of the RIC 
allows to determine: a group assessment can be considered sufficiently coherent if 

1. Formation of the purpose of expert examination and questions for experts 

2. Formation of rules and taking into account the standards of expert polls or 

the nature of their relationship 

3. Formation of a expert group according to the previously mentioned 

discussecomposition 

4. Choosing a way to assess the competence of experts 

5. Formation of expert opinion processing rules 

6. Surveys and defining criterion limitations for group assessments 

Consensus is achieved 

Objectivization of expert assessments and the adoption of reasonable 

management decisions regarding the content of the functionalities and the 

sequence of the stages of implementation in the practice in a particular RIC 

7. Determination of the degree of coherence of experts  

Consensus is not achieved 
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the coefficient of variation is less than 0,4. At the same time, time for 

consideration of issues is not regulated. Correlators establish only a general term 

for which experts must return a completed questionnaire. 
The number of experts should be enough so that the individual statement of 

one of them could not be of great importance. On the other hand, the survey 

should not be massive, because the low competence of the majority of 

participants in the examination reduces the accuracy of group assessments. The 
number of experts depends on the number of evaluated parameters (m). The 

upper limit of the number of experts is the potentially possible number of 

experts: Nn. So the number of expert groups N is within: 

nNNNNm  maxminmax                          (2) 

Once the size of the group of experts is determined, its structure and 
composition are for determination, that is, the experts’ specialization and 

qualifications. At the same time, the experts whose potentially possible goals 

may conflict with the obtaining objective results should be excluded. Moreover, 

for experts involved in the assessment of the formation of the RIIS, the basic 
mandatory qualification as well as additional requirements, which add to the 3-

point baseline Expert Score 1 point. 

On the basis of data requirements (mandatory and additional), they are 
assigned scales from 3 to 6 points. The scales are taken into account in the 

calculation of the group expert evaluation, which will allow obtaining a more 

objective assessment of the possible directions of the RIIS (Figure 3). 

 

 

Figure 3. Requirements for experts involved in the assessment of possible 

areas for the RIIS  

Source: own elaboration. 
 

Formation of individual expert assessments is carried out as a result of stochastic 

simulation according to the scheme presented in Figure 4.  

Requirements for experts 

Required (3 points) Additional 

Higher education, knowledge of 

the basics of innovation activity 

Successful management 

experience 

Participation in the innovation 

process 

Experience in the formation of 

innovative systems (+1 point) 

The experience of evaluating 

the directions of the formation 

of innovative systems (+1 point) 

Degree (+1 point) 
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1. Experts estimate the predicted values of the factors of the formation of the RIIS and 

the impact on the growth of a certain group of potentials that are part of the SP of RIC 
(Xijmin, Pijmin) (Xijprob, Pij) (Xijmax, Pijmax) 

 і=N (expert number) j = 1, K (factor number) 

Xij - estimation of factor j by expert i 

Pij - estimation of the probability of the factor j by expert i 

Limitations:                                                   Recommended values for P:  

(Pijmin, Pijprob, Pijmax)[0,1]  Рmin = 0,25 Рmax = 0,25 Рprob = 0,5 

 (Pijmin, Pijprob, Pijmax) = 1 

2. Calculation of mathematical expectation (Мij) and ( )2ij  expert estimation of the 

factors of RIIS formation (Хij) 

Мij = Xijmin* Pijmin + Xijprob* Pijprob + Xijmax* Pijmax 

ij2 =( Xijmin- Мij)2 * Pijmin + (Xijprob - Мij)2 * Pijprob +(Xijmax - Мij)2 *Pijмакс 
3. Generation of many scenarios for the formation of the RIIS and the growth of SP  

(normal distribution, determined (Mij) and ( )2ij  for predictive values of each  factor).  
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4. Calculation of the effectiveness of the formation of the RIIS on the basis of the values 

of the criterion Y and Z of the set of predictive scenarios 

z

Yiz

iY

Z

z


== 1  - average value of the evaluation criterion 

2

22 )(
1

Z

YiYiZ −
=  - standard deviation of the evaluation criterion 

Yi

i
Ki


=var

 - coefficient of variation of the value of evaluation criteria (characterizes 

the accuracy of the expert assessment) 

Z
iY

1
96,1(


  - confidence interval of expert evaluation of the probability of 

achieving a certain variant of the development with 95,0% of reliability  
 

Figure 4. Individual expert assessment (simulation model)  
 

Source: on base of (Mykytenko, 2007; Baulina and oth.. 2010; Mykytenko, 2009). 
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At the same time, we note that the simulation model is due to the necessity of 

evaluating the directions of the formation of the RIIS in conditions of high 

uncertainty. The use of imitation allows replacing the fixed values of the factors. If 
several alternative directions of RIIS formation are developed, then the estimation 

of the values of the criteria for each direction is carried out in accordance with the 

given algorithm. The degree of preference is measured by the value of Kid. In this 

case, the first number is awarded directly with the largest quantitative value of Kid. 
Subsequent ranking of the directions of the RIIS and the build-up of the SP 

of a particular RIC occurs in order of their quantitative values by criterion. 

The choose  and evaluation of possible areas for the RIIS, with a view to 
selecting the best of them, can be carried out by expert groups formed by: a) by 

creating a working group of representatives of state and regional authorities, 

public organizations, scientific organizations, universities, industrial enterprises 

and other subjects of innovative activity of the PIC; b) by external consultants; 
c) by combining efforts and the creation of a working group of external 

consultants, representatives of state and municipal authorities, non-

governmental organizations, scientific organizations, universities, industrial 
enterprises and other subjects of innovation activity of the RIC. 

 

Conclusions 

 
The algorithm of RIIS formation with using simulation models is constructed. It 
allows to substantiate and adopt the most optimal option for a certain RIC 

strategy for building up strategic potential and the formation of the RIIS, as well 

as the permanent their modernization on the basis of accounting the results 
(taking into account existing operating conditions of RIC).  

Further research will be aimed at introducing a closed algorithm for selecting 

the optimization architecture of the RIIS, namely: the development of an 
economic mechanism, model and criterion system of indicators; definition of 

the target orientation and content of proposals for each indicator of the system 

of comparative effectiveness of the RIC. 
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