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ABSTRACT 

Within the innovative economy competing firms bring innovative products to market on 

the basis of free flow of innovative ideas and effective interaction between the scientific 

sphere and the business environment. Authors aim to develop the methodology for 

comparing the innovative products and selecting the products for bringing to market 

within the framework of the interaction model. The empirical significance of the developed 

methodology is increasing the effectiveness of the innovative process within the 

frameworks of the innovative ecosystem. One of the most important steps towards building 

an innovation ecosystem is the formation of effective models of interaction between 

universities, government and the business community. However, an effective interaction 

model of universities, business and government in Russia is in a process of launching. 

Authors suggest making innovative decisions on the basis of the methodology of 

innovative products selections taking into account the efficiency of all forms of joint 

cooperation. The developed methodology can be recommended for usage in the practice of 

managing the innovation activities to achieve significant results.  

Keywords: Innovation System, Open Innovations, Scientific Cooperation, Interaction 

Model, Innovation Products 

INTRODUCTION 

Currently the implications of open innovation concept could vary depending on 

specific conditions (Yun, 2017), and different countries and regions are characterized by 

unique technological development trajectories (Nguyen et al., 2019; Zhao et al., 2020), 

which include a variety of different schemes for the generation, dissemination, and use of 

new knowledge that determine a specific socio-economic system (Dosi, 1982). The creation 

of a harmonious ecosystem of government, business, and universities is the key goal of any 

state focused on innovative development (Bedford et al., 2018). One of the most important 

steps towards building an innovation ecosystem is the formation of effective models of 

interaction between universities, government and the business community (Antipov et al., 

2019). 

In the modern world, more and more organizations are using the advantages of a 

synergistic approach, when openness to partnership is the key to the prosperity of both all 
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participants in the interaction and the whole region, district, country. Higher schools 

(universities) act as key elements of this system, being its connecting links, the main 

purpose of which is the following types of activities: the formation of communication 

networks and the organization of effective and efficient interaction with the external 

environment (Kobicheva & Bryant, 2020), performing the functions of communicators, 

mediators in a broad aspect of the social-economic system (Kobicheva, Baranova & 

Tokareva, 2020) How the effective interaction model of innovation actors in Russia should 

look today? Which indicators should be taken as the basis of effective interaction of 

university and business structures in innovation system? How to select the most perspective 

joint innovative projects of universities and business structures for adequate bringing 

innovative products to market? These are still unresolved issues on the Russian market that 

make the study relevant and predetermine the goal. 

This paper is structured in the following way. Introduction proves the relevance of the 

research. Section 2 describes the theoretical background on the open innovation 

perspectives as the key concept of improving in-novation activity efficiency due to 

permanent interaction and cooperation of innovation system actors. The next Section 3 

contains the main research results. Some interesting issues regarding the interaction process 

inside innovative systems are discussed in the Section 4. Finally, the obtained results are 

discussed in the context of other research studies (Section 5). 

For the manufacturer and its business, the problem of technology turnover and the task 

of choosing a strategy for entering the market are closely interrelated. Since the turn of the 

20th century, the entire world has entered a period of technological singularity. It is also 

predicted that the pace of changing technologies, generations of products and services will 

constantly increase. Designers and technologists are forced to search for such solutions 

when developing products in order to meet a number of multidirectional criteria. This was 

especially evident in the segment of technically complex products and computer equipment. 

On the one hand, the reliability requirements imply a guarantee of long-term serviceable 

operation. On the other hand, already at the stage of launching products to the consumer 

market, specialists are aware of innovative solutions for the next generations in this product 

segment. This means that it is possible to predict the period when the obsolescence of 

products will occur. A partial solution lies in the field of obsolescence management and 

risk management techniques. But the difficulty is that part of the consumer pool has a habit 

of the previous generation, has the inertia of thinking and consumption, and slowly changes 

its preferences. 

MATERIALS AND METHODS 

Theoretial Foundations 

Ongoing globalization and exponential growth in technological intensity 

(Chesbrough & Bogers, 2014; Gassmann, 2006) has increased the importance and need for 

Open Innovation (OI) (Mitchell & Singh, 1996; Ghobakhloo & Fathi, 2019) which has 

been recognized as an integral part of one of the Sustainable developments of the United 

Nations until 2030 (Smart et al., 2019; UN General Assembly, 2015).  

Scientific awareness of OI has grown exponentially since the seminal work of 

Chesbrough (Chesbrough & Bogers, 2014), resulting in more than 4,000,000 documents 

indexed on Google Scholar in 2020. Chesbrough stated that “... valuable ideas can come 

from inside or outside the company and can go to market from inside or outside the 

company as well” (Chesbrough, 2017) (p. 43). Building on Chesbrough's comments on the 

OI paradigm, OI research has moved forward over the years. In 2014, Chesbrough and 

Bogers (Chesbrough & Bogers, 2014) (p. 33) expanded on the original concept of OI by 

introducing a modern definition: “a distributed innovation process based on purposively 

managed knowledge flows across organizational boundaries, using pecuniary and non-

pecuniary mechanisms in line with the organization's business model”. 
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Several authors evaluated the OI results and stressed the need to further explore the 

OI perspectives in theory and practice. For example, Gassmann and colleagues 

(Chesbrough, 2017) contributed to the OI phenomenon by organizing a field of research 

and identifying gaps, highlighting the importance of patents and intellectual property. In 

addition, these authors demonstrated the relevance of studying OI on SMEs by highlighting 

the impact of OI on virtual R&D teams. Then, building on the evolution of the OI paradigm 

and growing interest among academics and practitioners, Chesbrough and Bogers described 

the volume of academic literature since the term “open innovation” was coined in 2003. In 

their seminal paper, Chesbrough and Bogers expanded the definition of OI by introducing 

monetary and intangible mechanisms for inbound and outbound OI and emphasizing the 

importance of the firm's business model. More recently, Bogers and colleagues (Bogers et 

al., 2017) have developed an integrative structure of analysis levels for OI research. They 

have contributed to the development of the paradigm by presenting the possibilities for 

future research at the micro, meso and macro levels of analysis (for example, from 

individual problems to OI applications at the sectoral or national level). Overall, these 

scientists demonstrated the importance of examining the role and application of OI as the 

key concept of improving innovation activity efficiency, thus confirming the need for our 

research. 

Open innovation focuses on using targeted knowledge inflows and outflows to 

accelerate internal and external innovation (Faems, 2008). The phenomenon of open 

innovation has also influenced the way universities and research groups conduct research 

and contribute to innovation processes (Perkmann & Walsh, 2007). Innovation is a multi-

step process (Anahita, Jennifer & Sally, 2009) that includes several types of practices at 

different stages (West et al., 2014). Over the past 10 years, open innovation research and 

policy has focused on developing and promoting more inbound rather than outbound 

practices and processes to create valuable knowledge (Bogers et al., 2017; Enkel, 

Gassmann & Chesbrough, 2009). Advances in open innovation policies and practices, such 

as open data (Murray-Rust, 2008), open access to research publications (Ross, 2011) or 

open infrastructure for co-creation of knowledge (European Commission, 2014), have 

undermined the well-established open innovation policy, and with it the standard types of 

openness in innovation, that is, identification and sale (outbound) and search and 

acquisition (in-bound) (Dahlander & Gann, 2010). Digital and communication technologies 

have opened new unexplored opportunities and challenges for the management of 

innovation in universities (for example, reliable data exchange, quality control and 

reproducibility of research methods and results, management of collaborative research 

platforms, funding instruments, university-industry relations, strategic alliances, spin-offs, 

startups and consortia). In this regard, discovering how research groups are using new 

findings from open innovation is a top priority for developing effective policy and 

governance mechanisms for universities. 

The open innovation practice of interaction between universities and business in 

Russia is a new field of study. This practice enhances scientific integrity, and understand 

the value of research and innovation (Perkmann et al., 2013; Tacke, 2010). Therefore, it is 

necessary to understand how open innovation affects the management of research and 

innovation in universities. New institutions of open innovation need to be adapted, updated 

and combined to effectively realize their re-search and innovation potential in the digital 

world. Universities are a solid foundation for open innovation (Ayris et al., 2018; Bedford 

et al., 2018) that foster innovation processes at the global, regional, national and local 

levels. 

Using the Leydesdorff model (triple helix), it is possible to adequately define and 

measure the relations between the actors of the innovation system, in particular, the 

authorities, the business environment, and higher schools, due to which it is possible to 

achieve synergy or the integral effect of innovation. There is not a single example in the 

world when the National Innovation System (NIS) is effectively implemented in parallel 
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with the principles of the triple helix, and when higher schools are not present at the center 

of all events. The logic of dependence on universities is simple - only through the efforts of 

the younger generation can a new economy be built. These people are in only one place - in 

universities, so this particular place, first of all, should focus on resources for the 

development of innovative processes (Leydesdorff, Perevodchikov & Uvarov, 2015).  

One of the most important issue to be considered is the fact that open innovations 

allow interacting people and organizations in creating ecosystems. Chesbrough notes that 

the main trend in the development of open innovation regards the digital transformation 

(Bogers et al., 2019). It involves business models—the logic of creating and capturing 

value—that dynamically transcend organizational boundaries within that innovation 

ecosystem (Bogers, Chesbrough & Moedas, 2018). So, small organizations are able to 

rapidly increase their influence in the market on the basis of open innovations being defined 

by Clayton M. Christensen as disruptive. He examined the complexity and inconsistency of 

innovation (Christensen et al., 2018).  

The complexity of knowledge could be investigated using the Quadruple Helix 

model (Carayannis & Campbell, 2009) which differs from the fundamental Triple Helix 

model of innovation by adding a fourth helix as the “media-based and culture-based public” 

to the “university-industry-government relations” (three helices developed by Etzkowitz 

and Leydesdorff (Etzkowitz & Leydesdorff, 2000) generating a national innovation system: 

academia/universities, industry, and state/government. Leydesdorff explains that the 

metaphor of a Triple Helix could be considered as a basis for making the extensions the 

model to more than three helices (Leydesdorff, 2012). The abovementioned Quadruple 

Helix and suggested later the Quintuple Helix being ecologically sensitive (Carayannis, 

Barth & Campbell, 2012) could be treated as universal and in a wide sense be extended to 

N-Tuple Helix model (Park, 2014). 

A new stage in the development of society endows knowledge with great power in 

public life, therefore universities, as the main creators of knowledge, should introduce a 

new function in modern conditions and act as integrators. By "integration function" we 

mean the organization of processes of interaction of elements in a complex system to 

ensure its development. In a particular case, we consider information interaction, which is a 

process of joint production, exchange, and transfer of knowledge. The University plays the 

role of a leading participant and organizational intermediary for cooperation between the 

academic environment, business environment, and law enforcement agencies. The main 

goal of this cooperation is to unite efforts to solve interdisciplinary problems in the 

educational and scientific fields, as well as activities aimed at introducing innovations. The 

complex tasks of forming and searching for rational ways to implement the results of 

scientific and technical projects highlight the need to assess their results.  

Developing the Model for Bringing the Innovative Product to Market  

In this paper, we propose a methodology that allows us to assess the necessary 

reduction in the supply of the previous generation of technologies and to increase the 

market presence of the next, innovative, and provided that the maximum total profit is 

maintained. For practical calculation, a study of the offer of SAN (Storage Area Network) 

solutions from Huawei was conducted. The choice of the data storage equipment market is 

based on Gartner research. According to its analysts, the required amount of SAN capacity 

increases by more than 50% annually. In addition, the review of changes in the technical 

solutions used by SAN developer’s shows that the update of innovative technologies is due 

to their role as one of the most dynamically changing areas of high-tech products.  

According to Digital Economy Compass 2020 Statista, which compiled the most 

relevant and recent data on the entire digital economy, there is a steady trend to change the 

balance between the share of data that companies store on their own data storage systems 

and in cloud storage (Figure 1).  
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FIGURE 1 

CHANGING THE BALANCE OF DEMAND FOR TYPES OF STORAGE 

SYSTEMS 

 

This dynamic reflects the growing demand for data storage systems from the corporate 

business segment. Also, a necessary condition is the modernization of the IT (information 

technology) infrastructure of all active participants in business activities. The situation in 

the world caused by the COVID-19 pandemic was a particularly noticeable driver of the 

increase in IT capacity (Genkin & Mikheev, 2020) and the scale of data storage systems. In 

2020, the increase in the required capacity for data processing and storage has doubled 

compared to the previous year. According to the results of a study conducted by IDC 

EMEA Quarterly Enterprise Storage Systems, investments in high-performance flash 

systems increased in the period 2019-20, the share of which was about 40% in monetary 

terms. This shows that traditional hard disk drive-based storage systems are still dominant 

among consumers. But if you pay attention to the dynamics of growth in demand for flash 

storage systems, then according to Markets and Markets Research, the demand for this 

innovative technology increases by an average of 25% (Figure 2). 

 
 

FIGURE 2 

ALL-FLASH ARRAY MARKET BY REGION 
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Also, the most important result of this statistical review was the analysis confirming 

the steady growth of object data warehouses. In addition, if in the period up to 2018, 

innovative flash storage hosted business-critical software applications, now there is a 

process of consolidating all information resources of the enterprise and gradually replacing 

traditional types of data storage. The main indicators that determine the choice of the type 

of data storage: 

 Performance and flexible reconfiguration; 

 Scalability due to special software for increasing storage volumes, expanding                    

functionality and upgrading; 

 Fault tolerance, redundancy of all composite nodes; 

 Data availability, replication, and persistence features; 

 Web-based management, monitoring and diagnostics. 

Since when choosing a storage system, the consumer evaluates the system in 

combination with the costs of its acquisition and operation, the criterion is usually a balance 

of economic and technical indicators that characterize the positive aspects of previous and 

innovative solutions. 

Since the production of innovative products, as a rule, involves a significant part of the 

available material resources and at the same time uses the same production facilities, 

science-based planning (Conceição, Sousa, & Fontes, 2018) allows to optimally rebuild the 

production process. In the service sector or business organization, the application of the 

proposed methodology will provide maximum economic efficiency for the combined 

application of both technologies. The result will be the ability to plan investments in 

innovative technologies and solutions and, most importantly, to remain competitive.2.3.  

Formulation of the Problem 

In this paper, the task of finding an economically sound strategy for bringing an 

innovative product to the market is set. It is necessary to find a balance between reducing 

the output of products using the previous technology and increasing the production and sale 

of an innovative product. Since these business processes involve significant financial costs, 

the quality criterion (Krasnov et al., 2019) of the resulting solution will be the total profit 

from the demand in the consumer market for products based on both technologies, taking 

into account the costs incurred to promote the innovative product. 

Solution Method 

First, we define the basic formalisms necessary to develop a mathematical model. This 

process is divided into three stages: 

1. To assess the market demand for products of the previous generation and innovative, we use the 

data of marketers. Let's combine the analytical statistics into a matrix of market preferences. The 

elements of such a matrix correspond to the level of demand for the products offered, taking into 

account the competitive environment. 

2. Let's use the method of dynamic assessment of the development of consumer demand based on the 

matrix data market demand using the theory of statistical analysis and stochastic planning. 

3. We will evaluate the final economic indicators calculated for an acceptable planning horizon for the 

programs of production of the previous and innovative product. 

We also introduce the concept of the planning period T , after which the assessment of 

economic indicators takes place. 

At the first of these stages, we will define a list of summary marketing indicators and 

use them to process demand statistics for products of the previous generation and for 

innovative products. We introduce the following grouping of the consumer pool: N
D

 

(Demand for an innovative) - the consumer purchases our innovative product during the 

period T  ; F
D  (Demand for a former) - the consumer purchases our product of the previous 

generation during the period T ; S
D  (Stopped using) - the consumer has stopped purchasing 
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our company's products either because of lack of need, or purchases them from competitors 

during the period T ; P
D  (Does not consume products) - the consumer either has not used 

this type of product yet, or has purchased it from other manufacturers during the period T . 

All data in a formalized form can be presented in the form of a matrix of consumer 

preference statistics. 

 

Table 1 

Matrix of consumer demand statistics 

 F
D  N

D  S
D  

F
D  11

P  12
P  13

P  

N
D  21

P  22
P  23

P  

P
D  31

P  32
P  33

P  

 

The corresponding positions of the matrix contain statistical data in the form of 

transition probabilities between the listed categories of consumers. 

11
P - data on the number of consumers of the previous generation of the product during 

the planned period and who continued to use it; 

12
P - data on the number of consumers of the previous generation of the product 

during the planning period and who changed it to an innovative one; 

13
P - data on the number of consumers of the previous generation of the product during 

the planned period and are no longer interested in our products; 

21
P - data on the number of consumers of innovative products during the planning 

period and who abandoned it in favor of the previous generation of the product; 

22
P - data on the number of consumers of innovative products during the planning 

period and continuing to use them; 

23
P - data on the number of consumers of innovative products during the planned 

period and no longer interested in our products; 

31
P - data on the number of consumers who purchased a product of the previous 

generation during the planning period; 

32
P - data on the number of consumers who purchased an innovative product during 

the planning period; 

33
P - data on the number of consumers who are interested in our products, but have not 

yet made a purchase during the planned period. 

This data can be formalized (Borisoglebskaya et al., 2020) in the form of a matrix P : 

 

11 12 13

21 22 23

31 32 33

p p p

P p p p

p p p



 
 

The elements of the matrix  i j
P p , , 1,2,3i j   row by row, must meet the 

conditions of the complete group of events 1,
i j

j

p i  , that is, the matrix P  is stochastic 

on the right. 
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The second stage involves the use of the value estimation method i j
P , ( , 1,2,3i j  ) of 

the consumer demand matrix. Within the framework of the task under consideration, it is 

necessary to take into account such features of the consumer and, first of all, the corporate 

market, as a difficult to identify internal structure, an aggressive competitive environment 

(Provotorov et al., 2020) and a short period of operation time and, accordingly, the terms of 

product changeability. 

For the possibilities of software implementation of statistical estimation of values 
i j

P  (

, 1,2,3i j  ), we applied a modern algorithm with the property of scalability and invariance 

to the data. 

In the mathematical modeling of (Borisoglebskaya et al., 2019a) matrix values, a 

general representation is used in the form: * ( ) ( ) ( )p t p t t  , where the component ( )p t  is 

a deterministic function that meets the condition: ( ) ( )p t p t mT  : 1,2,...m   . 

In this expression: t - time; T - period. 

We use the designation: ( )t - random changes caused by a variety of factors such as 

the competitive market environment, changes in consumer preferences, economic and other 

(Borisoglebskaya, Provotorova & Sergeev, 2019) numerous reasons. 

To apply mathematical modeling, it is necessary to process statistical data and estimate 

the T  magnitude and values of the coefficients used in demand modeling (Krasnov et al., 

2019b) of the Fourier expansion: ( )A t , n
A , n

  for 1,2,...n   as elements of the vectors 

(Krasnov et al., 2019a)  0 1 2
, , ,...A A A and  1 2

, ,...  . 

To do this, it is necessary to formalize the functions 
*( ); ( ); ( )p t p t t  over a 

sufficiently long period of time *0,t t   . 

We introduce additional functions of the form: 
* *( ) ( ); 1,2,...
k

p t p t kT k   , 

defined on  0,t T . 

The deviations ( )t  in this case will be centered random fluctuations. We introduce the 

deviation indicator: * * *

1 2
( , ) ( , ( ), ( ),...)T p T p t p t    and estimates of the amplitude: 

* *( , ) ( , ( ) )
k

T p T M p t       where is the mathematical expectation
* ( )
k

M p t   , obtained by 

calculating the averaged values of the original functional dependencies. To calculate them, 

we use expressions for processing statistical series as follows: 
1

*

0

( , ) max{ ( ) ( )
i j

T p p q p q dq   ; , 1,2,...i j   

where the normalized values are calculated by the formulas: 

/q t T ; 
*

*( ) [ ( )]p q M p t , 
1 1

* *
* 2

0 0

( , ) [ ( ) ( )]T p p q p r dqdr    , 
* *( ) [ ( )]p q M p t . 

For practical purposes, it is important to get an average estimate of the desired 

component: 
1

* *

0

( )p p q dq  , and its characteristic allows you to observe long-term trends 

and, in addition, can serve the purposes of predictive planning. 

At the third stage, first, using the (Pilipenko et al., 2019) method of calculating the 

values 
i j

P  ( , 1,2,3i j  ) of the matrix, we determine their specific values. 

We supplement the calculated data with a vector of economic indicators G  of the form: 

 ,
F N

G g g , where F
g  -corresponds to the profit from the sale of a product of the previous 

generation, N
g - respectively from the sale of an innovative one. 
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The corresponding positions G  contain the results of the calculation of integrated profit 

indicators (Golosnoy et al., 2019), depending on the technology of the product offered on 

the market. 

Mathematical Modeling 

Based on the formalization of the indicators of market interest in the products of the 

previous generation and innovative, we apply the algorithm (Sergeev & Kirillova, 2019) 

(Borisoglebskaya et al., 2019) estimates of the cost conversion for the promotion of an 

innovative product, the dynamics of changes in consumer demand, and the total profit from 

the market presence of both generations of products. This will allow you to reasonably plan 

the costs of mastering the industrial production of innovative products and marketing. 

We introduce the concept of the state vector of market (Borisoglebskaya, Provotorova 

& Sergeev, 2019) (Sergeev et al., 2020) demand  1 2 3
, ,C c c c . 

The components reflect the C  following quantitative indicators: 1
c - the number of 

consumers of the previous generation of the product during the planning period T ; 2
c - the 

number of consumers of the innovative product during the planning period T ; 3
c - the 

number of consumers who have stopped purchasing our products or who are interested in 

them, but did not purchase them during the T planned period. 

To perform the calculation, we will fix the estimated planning horizon and divide it 

into periods. As a rule, a period is taken for a period of time after the expiration of which, 

summary reporting data is provided. In the problem under consideration, 1 month is taken 

for the period, and the entire horizon is given a length of 6 months. This is due to the fact 

that the parameters of consumer demand can change significantly over long periods of time. 

Note that for an abstract mathematical model, the specific values of the duration of the 

period are not significant. 

Then the volume of demand for the next planning period will be calculated using the 

formulas: 

11 1 11 2 21 3 31
c c p c p c p   ; 21 1 12 2 22 3 32

c c p c p c p   ; 31 1 13 2 23 3 33
c c p c p c p    

Where for i j
c  the first index 1i   means the number of consumers of the previous 

generation of products, for 2i   innovative consumers, for 3i   new consumers; the 

second index indicates the j  number of the planning period. 

Briefly, this can be written as: 
3

1

i j k k j

k

c c p


  for , 1...3i j  . Applying the rules of 

matrix algebra, write this relation in a vector-matrix form, convenient for programming and 

composing algorithms: 

1 *C C P  where  1 11 21 31
, ,C c c c . The result reflects the state of market demand 

across the period. Then we calculate in two periods: 
2

2 *C C P  where  2 12 22 32
, ,C c c c  and, through R  periods: * R

MC C P , where 

 1 2 3
, ,R R R R

C c c c . 

Thus, the full calculation includes the determination of the power spectrum of the 
2, ,..., RP P P consumer demand matrix. 

Multiplying the initial vector  1 2 3
, ,C c c c sequentially by the degrees of the matrices, 

we will already get the values of the volume of consumer demand for the previous 

generation of the product and for the innovative one. 
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Then, using the data on the profit from the sale of the previous product F
g and the 

innovative N
g  and, summing up the profit G  for all periods in the form: 

1 2

1 1

R R

k F k N

k k

G c g c g
 

   . 

Summing the profit for all periods generating by both a product of the previous 

generation F
g  and an innovative product N

g , we will get an economically significant 

indicator G . 

RESULTS 

Using a mathematical model based on specific numerical data makes it possible to 

optimize the production program of such technologically complex Huawei products as data 

storage systems. For the calculation, information on the following proposed substitute 

products is used. A high-performance storage system based on artificial intelligence 

technologies called Huawei OceanStor Dorado and Huawei OceanStor Pacific Series. 

Each product line from these solutions provides cost-effective, cost-effective and 

technologically efficient reliable services. The range of their applications is extremely wide 

and is used for high-performance computing as part of problem-oriented applications, 

artificial intelligence systems, high-speed analysis and recognition of video materials, as 

well as in a number of other information-rich scenarios. Innovative systems go beyond the 

operational parameters, service, traditional and architectural. 

They also use a new-generation elastic EC (Erasure code) algorithm and the possibility 

of uncompromising multiprotocol interaction. This gives an innovative option to recover 

entire digital data packets in various situations when information is lost, helps to protect 

information, preventing data leaks when working with memory or when transmitting them 

through various communication channels. Also, a number of specialized hardware 

components are built into these systems. These lines set a new standard for forward-looking 

storage systems. In many industries, these systems will optimize business processes, and 

expand the potential of digital information for the introduction of intelligent technologies. 

Note that these products belong to corporate equipment worth tens of thousands of dollars. 

The increase in sales, even a small one, should bring Huawei a serious profit. 

The initial data for the calculation based on the presented model are the current sales 

figures of Huawei in the segment of SAN solutions. From this data, we get the value of the 

vector 
   1 2 3

, , 580,208,0C c c c 
.  

Processing statistics according to the proposed method gives the value of the consumer 

preferences matrix. 

11 12 13

21 22 23

31 32 33

0.531 0.327 0.142

0.339 0.577 0.084

0.029 0.52 0.451

p p p

P p p p

p p p

   

The obtained values reflect the current state of sales of products with planned 

investments in the promotion of modern flash technologies of data storage systems. If we 

plan additional costs in the amount of 45,000Q  USD for marketing in order to expand 

the pool of consumers of innovative systems, then the analysis of statistics gives a slightly 

different picture. At the same time, we get new values of the consumer preferences matrix. 

Let's denote it as *P . 
* * *

11 12 13

* * * *

21 22 23

* * *

31 32 33

0.376 0.512 0.112

0.304 0.589 0.107

0.28 0.53 0.19

p p p

P p p p

p p p

   
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The calculation process for the same initial data for the vector *C C  is presented in 

Table 1. When programming the calculation for 6 planned accounting periods, data for the 

degrees of the P and *P matrices are obtained, which are used in the presented mathematical 

model. 

From the analysis of the obtained calculated values, we can note a rapid convergence in 

the limit to the infinitesimal matrix. This result is generally characteristic of regular 

processes, and according to mathematical theory they converge to a stationary solution. In 

the case under consideration, an important consequence is a fairly fast convergence. This is 

typical for such nondegenerate processes and provides a basis for confident application of 

the proposed methodology for predictive planning. 

 

  Table 2 

 CALCULATION PROCESS 

Matrix P Matrix P* 

2nd exponentiation of a matrix 

0,3969 0,4362 0,1669 0,3284 0,5534 0,1182 

0,3780 0,4875 o, 1345 0,3233 0,5593 O, 1174 

0,2048 0,5440 0,2512 0,3196 0,5562 o, 1242 

3rd exponentiation of a matrix 

0,3635 0,4683 0,1683 0,3248 0,5567 0,1185 

0,3699 0,4748 0,1553 0,3245 0,5572 0,1184 

0,3004 0,5115 o, 1881 0,3240 0,5571 0,1189 

4th exponentiation of a matrix 

0,3566 0,4765 o, 1668 0,3245 0,5570 0,1185 

0,3619 0,4757 o, 1624 0,3245 0,5570 0,1184 

0,3384 0,4912 0,1704 0,3245 0,5570 0,1185 

5th exponentiation of a matrix 

0,3558 0,4783 o, 1659 0,3245 0,5570 0,1185 

0,3581 0,4773 o, 1646 0,3245 0,5570 0,1185 

0,3511 0,4827 0,1662 0,3245 0,5570 0,1185 

6th exponentiation of a matrix 

0,3559 0,4786 0,1655 0,3245 0,5570 0,1185 

0,3567 0,4781 0,1652 0,3245 0,5570 0,1185 

0,3549 0,4797 0,1654 0,3245 0,5570 0,1185 

 

Next, you need to estimate the reduced profit G  in the absence of additional 

investments in marketing promotion and calculate the reduced profit *G after additional 

costs in Q  the amount of promoting modern flash technologies for all periods. If there is a 

difference in values *G G Q  , this means that it is advisable to spend money on the 

promotion of innovative digital technology. 

It is more convenient to present the results of the calculation in the form of diagrams 

(Figure 3) and (Figure 4). The presented graphs clearly show the significant influence of 

even small changes in the composition of the matrices P  and *P . 
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FIGURE 3 

SIMULATION RESULTS IN THE ABSENCE OF ADDITIONAL 

INVESTMENT 

 

The system of graphs in Figure 4 shows the dynamics of changes in demand for 

products of the previous generation (Former), innovative (Innovative) and the projected 

total profit (Sum). The calculation was carried out in the absence of additional investments 

for the marketing promotion of an innovative technological solution. 

 
 

FIGURE 4 

SIMULATION RESULTS, TAKING INTO ACCOUNT ADDITIONAL 

INVESTMENTS 

 

The system of graphs in Figure 5 shows the dynamics of changes in demand for 

products of the previous generation (Former), innovative (Innovative) and the projected 

total profit (Sum*). The dotted line also indicates the change in profit (Sum) based on the 

results shown in Fig. 4. The calculation was carried out under the conditions of additional 

costs for the promotion of modern flash technologies for all periods. 
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A number of important conclusions can be drawn from the comparison of the results 

obtained. 

With the additional costs of promoting 45,000Q  USD, there is a shift in the 

parameters of the consumer demand matrix. Further, due to the multiplying effect, there is a 

steady increase in the number of consumers of the innovative product. Also, the results of 

mathematical modeling allow us to make a reasonable conclusion about the presence of a 

correlation with the positive dynamics of the total profit for the studied planning periods. 

If we estimate the total profit difference of 94,855 USD, then according to the results 

of the NPV analysis of discounting for 6 planned periods, we can conclude that the 

additional costs in 45,000Q  USD for the promotion of modern flash technologies in only 

one segment of the data storage systems offered by Huawei correspond to the reduced 

amount of 81,216 USD. This result shows a high degree of return on investment. 

DISCUSSION 

The authors could show that a university as being an integrator provides its intellectual 

capital and other internal opportunities for organizational cooperation and also creates 

external organizational networks of information cooperation. As for the integration 

function, one should take into account not only the numerous bilateral cooperation with 

various partner organizations (Barykin et al., 2020a, 2020b, 2020c) but also, above all, the 

provision of interaction between partner organizations based on the intellectual base of the 

university, which operates both as a participant and as an intermediary and catalyst. 

interaction in general. 

However, despite the fact that such an important function of higher schools as 

integrators in the modern economy, we noticed that above mentioned work lacks the vision 

of the triple helix, which is the basis of any progressive innovation system and which must 

be taken into account when developing a model of interaction between the actors of the 

innovation process. 

According to the Dutch scientist Leidesdorff, innovation is formed as follows: 

institutional spheres in the triple helix model partially overlap each other, people from 

different spheres meet, and new ideas appear. Thus, such a model becomes balanced. 

Institutional spheres fulfill their traditional roles but also acquire new functions.  

We, in turn, would like to demonstrate the cumulative role of the university factor in 

the process of interaction between entrepreneurial, government, and research spheres, since 

it is at the borders of the intersection of three spheres that the integration function actively 

enters into action, provides management and most effectively organizes the relations of 

actors with each other, which, in turn, allows generating the maximum possible amount of 

new knowledge (Figure 5). 

 
FIGURE 5 

THE SPHERE OF ACTIVE PARTICIPATION OF THE UNIVERSITY 

INTEGRATION FUNCTION IN INNOVATION PROCESSES. 
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Taking the triple helix model as a basis, we propose to build an interaction model of 

the innovation process actors in the Russian Federation. In our model, the integration 

function of universities connects the information flow of three dynamic and constantly 

developing actors of the innovative economy (government - academy - business) by a 

common thread. The locus of function is located in the center of the model, and the core, or 

"information genome", encourages all drivers to create multilayer communications, 

networks, and organizations among the spirals (Figure 6). 

 
 

FIGURE 6 

THE LOCUS OF THE INTEGRATION FUNCTION IN THE MODEL OF 

INTERACTION BETWEEN THE ACTORS OF THE INNOVATION 

PROCESS 

 

Although the spirals of institutional spheres are constantly evolving and trans-forming 

new information, the integration function is not lagging but is being modernized and 

adapted to new conditions, helping to interact with subjects at every level of their 

development. Universities in the process of implementing the integration function create 

innovative schemes for the transfer of knowledge based on digital technologies, new 

methods for calculating the attractiveness of common projects with the industry, thereby 

increasing the return on investment, universities are responsible for management 

innovations during the integration process, and also monitor the observance of intellectual 

property rights. 

The university integration function can be interpreted as a flow of knowledge 

generated and appropriately supported by the efforts of universities. Thus, thanks to the 

integration function of universities, the most favorable environment for the implementation 

of innovative activities in general appears. This enabling environment is an in-novation 

ecosystem in which participants in the innovation process interacting with each other have a 

synergistic effect. Collaborative innovation ecosystems are considered successful 

innovation ecosystems. A successful ecosystem is based on the organizational structure of 

the network. 

CONCLUSION 

In the most general form, the task of determining the strategy of behavior in the market 

rests on the problem of the changeability of technologies, the changeability of generations 

of goods and services. Since the world has already entered a phase of technological 

singularity several decades ago, the pace of such turnover will only increase. The essence 

of the problem is that it is necessary to constantly improve the products, apply innovative 

solutions in technologies, materials and product properties. This applies not only to 

industrial production, but also to the service sector, information, administrative and other 

types of interaction. Consumer preferences have inertia. It is not just conservative thinking 

and habits that are causing the slow change in the vector of consumer demand. The need for 

re-equipment costs is also a serious reason to use the technologies of the previous 

generation. On the other hand, innovative products and technologies are more competitive. 
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The task of the business is to find a strategy that meets the balance between two generations 

of products and technologies and brings maximum profit. 

We have proposed a method that allows us to reduce the use of the previous generation 

of technologies and increase the presence of the next one, provided that the maximum total 

profit is maintained. Since the production of innovative products, as a rule, involves much 

of the available material resources and uses the same production facilities, this will allow 

you to optimally restructure the production process. In the service sector or business 

organization, the application of the proposed methodology will provide maximum 

economic efficiency for the combined application of both technologies. The result will be 

the ability to plan investments in innovative technologies and solutions and, most 

importantly, to remain competitive. 

As the main indicator of the effectiveness of the considered approach of innovative 

actors’ interaction, we propose to take, first of all, the number of implemented innovative 

projects at the regional, district, and national levels. It is possible to increase the degree of 

innovative development and diversification of the economy of the Russian Federation 

thanks to the active and permanent use of new technologies developed at different levels 

and based on scientific developments of a fundamental nature. To achieve maximum 

results, it is necessary to select scientific developments that are of interest from the point of 

view of the possibility of their practical application and contribution to the country's 

innovative development. 

One of the main tasks of any state at the present time is the creation of an innovation 

ecosystem in its country. For a more effective mutual participation of the main participants 

in the innovation environment, it is necessary to determine their mutual interests, which 

represent certain needs that can be successfully satisfied through participation in 

innovation, and to develop an effective system for modeling this kind of activity. Incentives 

for innovation are sustainable if actors can create unified communication networks based 

on specialized platforms and develop triple helix collaboration. Triple spirals are endowed 

with systems with the property of self-adaptation to any external changes, allowing them to 

move forward on the basis of self-development without the participation of the governing 

center. 

We would like to show that thanks to the introduction of this methodology within the 

framework of the innovation actors interaction model, the flow of new knowledge, projects 

and developments are controlled and carefully processed during the transition from the 

regional level to the district level, and then from the district to the highest level - the 

national level, thus at the federal level, there are the most priority and most contributing 

developments (Figure 7). 

 

 

FIGURE 7 

MODEL OF INTERACTION BETWEEN THE ACTORS OF THE 

INNOVATION PROCESS 
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Such a model of interaction between universities, business structures and the state, 

based on the integration function of higher schools, is able to bring the economy to a new 

level of development, increasing the efficiency and effectiveness of all forms of joint 

cooperation. 

The current conditions for innovations development on Russian market are not 

adequate. The level of interaction between university and other innovation system actors is 

low, that also slows down innovation. These facts prove the necessity of interaction model 

development and introduction. An extremely important point, from our point of view, is the 

effective selection of promising projects within the framework of the interaction model at 

each level of government, so that the best ideas and technologies reach the federal level and 

have every chance of implementation and success. 

The presented research is aimed at developing an interaction model for universities and 

other participants in the innovation system, which implements the integration function of 

the university, ensures the activation of scientific and innovative activities, accelerates the 

transfer processes and allows to select the most perspective project on all levels of 

government. The practical significance of the work lies in the possibility of using the 

authors' developments in the practice of managing the innovation activities of a country to 

achieve significant results. 

In our further research we are going to adjust the proposed methodology for the 

selection of perspective projects at the university level and calculate the most promising 

projects for 2021/2022. 
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