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Abstract— The importance of innovation as a product on the 

market field in the conditions of transformation of means of 

promotion, digitalization, and expansion of sales channels on the 

Internet is discussed in the article. The authors’ vision of 

classifying innovations by the type based on a subjective 

approach has been developed: manufacturers who formulate 

supply on the market and buyers (customers) that determine real 

and potential demand. The informative characteristics of the 

types of innovations are based on nominal features that are of 

practical value to the main agents of the market. The selection of 

informative features of innovation is based on clustering 

methods. The Hamming metric is proposed as an effective way to 

determine the measure of distances. The search for the necessary 

information and data processing in the innovation market is 

carried out using modeling tools. Clustering algorithms are 

proposed as adequate models of intersecting. The clustering 

algorithm solves the problem of dividing the sample of signs of 

innovation into clusters that are similar by certain criteria 

(scientific novelty, patent protection, etc.), depending on the type 

of innovation as a product (patent, technology, etc.). The 

proposed classification of innovations will allow to position 

innovation on the market as an object of sale. Modeling tools 

accumulate, group, process, coordinate and manage innovation 

market information when making management decisions. 

Keywords: innovation, innovation market, information, 

classification, clustering, clustering models, Hamming metric, 

clustering algorithm 

I.  INTRODUCTION 

Structural adjustment of Russian economy is a priority 
course of innovative development in the context of 
strengthening globalization processes and the organization of a 
single information space. The objectives of this area are 
intended to be the expansion of volumes, nomenclature of 
products and services production based on the latest 
achievements of science and technology. The low innovation 
and investment activity of economic generators, lack of 
information on the demand and supply of innovative products, 
and barriers to entry and exit to technology markets hamper 
the implementation of the claimed technological solutions. 
The existing commercial exchange of products of innovation 
does not provide stable economic growth rates. The reasons 
for the current situation are the imperfection of a structured 
electronic database, tools for continuous monitoring of 
complex information on the volumes and structure of the 
innovation market, which hinders the process of entering real 
and potential markets of national and international levels. The 
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solution to these problems is seen in the subjective approach 
of classifying innovations clustering objects according to 
selection criteria and types of innovations, which has 
economic and other benefits for producers and consumers of 
innovations. In addition, the data obtained make it possible to 
assess the real and potential demand and supply for innovative 
goods and services. 

II. RESEARCH METHODOLOGY 

Studying the socio-economic impact of institutions of The 
main methodological provisions of the importance of 
innovation as an object of commodity exchange in the market 
are based on a thematic discourse analysis of scientific 
publications presented in open sources of foreign and Russian 
researchers in the field of innovative economics and 
management. 

The classification of innovations is based on the subjective 
approach of the importance of information for agents of the 
innovation market (sellers and buyers). Innovation clustering 
is based on clustering criteria. To calculate the measure of 
distances of classification objects, the Hamming metric is 
chosen. The task of information search and data processing in 
the innovation market is solved with the help of modeling 
tools. As adequate models of intersecting (fuzzy) clustering 
algorithms are proposed. The criteria for selecting innovations 
in a cluster take into account the importance and effectiveness 
of decision-making. 

III. RESULTS 

In recent years, the innovation market has attracted 
demanded attention in scientific research and is considered as 
a tool for ensuring the development of a new technical and 
technological structure of economic systems. Innovations are 
complicated, accelerated, and become interactive [1], they act 
on the market as a specific product, which has an owner 
(copyright holder) for which the rights to the results of 
intellectual activity and equivalent means of individualization 
are recognized. In the era of high-tech, constant and dynamic 
technology updates, virtually no manufacturer can provide a 
complete innovative product on their own. For this, various 
types of interactions transfer channels are used [2]. The main 
driving forces do not change, but tactics have become more 
complicated [3]. New business models and “innovative 
markets” reduce costs and create an environment in which 
they make more efficient search procedures, template 
agreements [4]. In this situation, innovation markets require 
adaptation and revision of means of product promotion, 
shifting the focus from the sale of a product to cooperation and 
communication. 

Issues of promoting [5] innovations are of particular 
importance in the context of the digital transformation of the 
economy. A new type of interaction and a management system 
for the relationship of potential customers (buyers, customers) 
with manufacturers of high-tech goods is being built. This 
eliminates excessive mediation [6] for conducting transactions 
based on online technologies. The exceptions are closed deals 
and markets that ensure the defense and security of the 
national economy. Digitalization helps to increase the 
diversity, quality and speed of services received in the 

innovation market, improves transaction security, and saves 
time on search, acquisition and movement. 

The concept of the modern innovation market emphasizes 
the importance of demand, end users and interaction among 
users and manufacturers [7]. They are potential buyers who 
can best "tell" about the factors of commercial success [8]. 
Distinctive features of the innovation market in the current 
realities include: 

- dynamism of quantitative and qualitative development, 
susceptibility to cyclical changes, determined by changes in 
technological structures; 

- long-term and diverse cooperation of the buyer with the 
developer of the innovation, due to the life cycle from concept 
to disposal. These features require constant monitoring of 
innovation market information to make alternative decisions, 
for both the producer and the buyer (customer) of the 
innovation. 

The main source of information for information services in 
modern society are databases [9]. They integrate the 
information of suppliers and consumers of innovative goods 
and services, the connections and relationships between them, 
the procedure and conditions for the sale and purchase of 
innovations. However, the information available in Russia 
from the innovation market data bank has large amounts of 
information resources that are poorly coordinated and are 
stored in databases of different subordination. This 
argumentation complicates the information exchange, the 
concentration of information to solve a problem. 

The experience of creating a bank of data resources of 
innovation is based mainly on participants in the innovation 
process and stages of the innovation life cycle [10, 11]. This 
approach is justified, however, in the conditions of rapidly 
changing technologies and international competition, the most 
significant, in our opinion, is the task of creating a bank of 
information resources depending on the agents (sellers and 
buyers) of the innovation market. Since the recognition of 
innovation by the end user provides economic and social 
benefits from their implementation, it helps to return 
investments at all stages of the innovation process. 

It is proposed to create the information base of the 
innovation market on the basis of the main key agents of 
commodity exchange in order to interact demand and supply - 
producers and consumers. 

A. The challenge of classifying innovation information 
One of the approaches to improving the quality of pattern 

recognition and reducing computational costs is to evaluate 
the information content of signs, attribute values, and 
highlighting the most representative objects [12, 13]. For this 
purpose, it is necessary to transform information containing 
the conditions of the offer, the capabilities of producers and 
the requirements of consumers of innovations, which in the 
future will allow us to establish relationships and interaction 
between them, to carry out sales and purchase transactions. 

The solution to this problem is seen in the structuring of 
types of innovation by classification criteria. The 
decomposition of innovations is based on nominal 
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characteristics, the allocation of which determines the 
significance of information on the needs of customers 
(demand) and proposals of manufacturers. The class gives an 
enlarged detail of the innovation market (Table I). In this 
paper, we ignore innovation sellers, since they act as 
integrators of innovation market information. 

TABLE I.  CLASSIFICATION OF INNOVATION BY TYPES AND 

SIGNIFICANCE OF DATA OF INNOVATION MARKET AGENTS 

INFORMATION [COMPILED BY THE AUTHOR] 

Kind of 

information 

/ innovation  

Type of information / 

innovation 

Significance for agents * 

producers consumers 

scientific  scientific regulatory 

documentation 
R&D reports 

bibliographic reviews 

annotations 
reports 

forecasts 

abstracts 
dissertations 

books, etc. 

++ + 

 macro 

technology 

aviation  

space 
nuclear 

shipbuilding 

transport engineering 
chemical engineering 

special metallurgy; 

special chemistry; new 
materials 

oil production and 

refining 

gas production and 

transportation 

power engineering 
industrial equipment; 

machine tool industry 
micro and nano 

electronic 

computer and 
information 

communication 

biotechnology, etc. 

+ ++ 

state 
produser 

advanced countries 
countries with limited 

scientific potential 

catching up countries 
lagging countries, etc. 

+ ++ 

producer  Institute of Science 

enterprise of defense 
large industrial 

company - world 

leader 
manufacturing 

enterprise 

production laboratory 
business incubator 

industrial park 

technopolis, etc.  

+ ++ 

type of 
innovation in 

management 
(business 

process) 

production 
marketing 

organizational 
technological  

+ ++ 

type of 

innovative 

commodity 

(product) 

completed innovative 

technology 

incomplete innovative 

technologies at various 

++ ++ 

stages of readiness 
technological 

innovations that 

improve 
manufacturing 

processes 

means of automation 
of production 

processes 

quality control systems 
for manufactured 

products 

process control 
systems 

equipment, 

instruments, tools 
license 

patent 

trademark 

service 

certificate, etc.  

field of 

activity  

production 

trade 
social sphere 

management, etc.  

+ ++ 

after-sales 
service  

innovation with after-
sales support 

unaccompanied 

innovation   

+ ++ 

economic 

effect  

production of new 

types of products 

(services) 
cost reduction for the 

production of products 

(services) 
improving the quality 

of products (services) 

reduced material 
consumption 

increasing energy 

efficiency of 
production 

mechanization and 

automation of 
production 

environmental 

friendliness of 
production (services) 

increase in labor 

productivity, etc.  

+ ++ 

*significance of the recipient of information: ++ - especially 
significant; + - significant. 

 

Material media of innovation market information can be 
documents of various forms: textual (books, magazines, 
reports, etc.); graphic (drawings, diagrams, schemes); 
Audiovisual (sound recordings, films and video films); 
electronic (records on electronic media, information on 
computer networks). 

B. The task of selecting an innovation class 
In solving the problem of choosing the class [14] to which 

the innovation belongs, the problem arises of evaluating it 
according to several criteria[15] and correctly considering 
these estimates when generalizing them or considering them 
together at the stage of making the final decision. The solution 
to the problem is possible on the basis of a discrete approach 
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to assessing the information content of heterogeneous 
characters and the analysis of statistical methods [16]. 

We study a number of educational objects of innovations I 
= {I1, ..., Im} described by the system of attributes {z1, …, zm} 
belonging to certain classes. It is known that the set (I) is 
representable as the union of K subsets of S1, …, SK, called 
classes. The description of the innovation has the form q1 = 
(q11, …, q1m), q2 = (q21, …, q2m), …, qm = (qm1, …, qmm ), 
where qi is the value of the attribute zj for the object Ii. it is 
necessary to determine the class according to the presented set 
of attribute values (b1, …, bm), that describes some object from 
I (not included in the training set I1,..., Im), which is not known 
which class it belongs to. 

The most general definition of a class is the criterion for 
selecting innovation to solve the search problem. Information 
on the properties of innovation can be obtained from 
manufacturers or consumers and generated by the seller 
(provider) of the innovation market. Information values are 
expressed in a numerical scale. The objects included in the 
same class are considered equivalent, and each class of objects 
is characterized by a certain quality that distinguishes it from 
other classes [13]. The selection criteria for the first level for 
the buyer are: the novelty of the technology and its 
competitive advantages, scope (industry) of application; type 
of technology); compliance with world standards; patent 
protection and terms of legal protection of the main technical 
solutions; the availability of know-how; the volume of 
transferred rights to use the technology. The criteria of the 
second level can be considered all types of information 
presented in table I. 

The selection of innovations is carried out not only by 
class (property), but also by image [17], by which we 
understand the type of innovation (technology, license, etc.) 
represented in the matrix model. The matrix model (M) of 
these innovations includes a description of the properties of 
innovations (Q) in the space of characteristic features and 
differences (R) of types of innovations in the space of 
classification features. The set of all non-repeating rows in the 
matrix is mapped to the set of selected images. Elements of 
the image are objects represented by rows of the matrix, 
mapped by the same columns of the matrix R. Matching rows 
and columns give the right search solution (Table II). 

TABLE II.  MATRIX (M) OF INNOVATION SELECTION AS A 

PRODUCT BY MARKET AGENTS [COMPILED BY THE AUTHOR] 

Selection criterion/ 

properties of innovation (Q) 

Type of innovative product 

(fragment) (R) 

 

te
ch

n
o
lo

g
y 

li
ce

n
se

  

p
a
te

n
t 

tr
a
d

e 
m

a
rk

  

d
ev

ic
e,

 s
ys

te
m

, 
et

c
  

se
rv

ic
e 

1st level       

novelty of technology 1 0 1 0 1 0 

field of activity (industry) 1 1 1 1 1 1 

type of technology  1 0 0 1 1 1 

application in business 

processes 

1 1 1 1 1 1 

patent protection 1 1 1 1 0 0 

terms of legal protection of 

basic technical solutions 

1 0 1 1 0 0 

know-how available 1 0 1 0 1 1 

volume of transferred rights to 
use the technology 

1 1 1 0 0 0 

Level 2 (fragment)       

country of origin 1 0 0 1 1 1 

manufacturer  1 0 1 1 1 1 

type of innovation in 
management 

1 1 0 0 1 1 

economic effect 1 0 1 1 1 1 

 

IV. DISCUSSION 

The global search for files, websites, and other objects of 
market information is based on an “intellectual” grouping of 
innovations. To solve the search problem [18], a classification 
method using the genetic algorithm is proposed [19]. The 
method is based on the cluster analysis model [20], as a 
universal tool for data classification and processing [21-23]. 
Cluster analysis enables an agent of the innovation market to 
quickly navigate, select a knowingly more relevant subset and 
exclude a knowingly less relevant one. Clustering concretizes 
the information of the innovation market, improves the 
usability of the interface compared to the output of a simple 
list sorted by relevance. 

The result of the search for the necessary innovation in the 
market is a set of parameters expressed by quantitative, 
qualitative and mixed characteristics for each innovation 
object in the form of numerical values [0, 1]. For each pair of 
objects, the degree of similarity is measured - the distance 
between them. As metrics, we choose the Hamming metric on 
features (1), applicable for nominal features with the same sets 
of permissible values Dz1 = Dz2, which vanishes if and only 
if the vectors z1 and z2 coincide:  

 ( ) ( ) ( )1 2 1 21
, .

n

i ii
p z z z O z O

=
=     () 

For nominal features with different sets of values, a 
correspondence σ: Dz1 Dz2 → is searched for, at which the 
Hamming distance is minimal (without loss of generality, it is 
assumed that Dz1 Dz2 ≥). 
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The methods of cluster selection of innovations according 
to various criteria make it possible to break down the sample 
into clusters consisting of several characteristics and 
distinguish one most typical innovation in each group. For 
example, the technology should be novel, applied in 
mechanical engineering, be an additive technology with patent 
protection, for which the terms of legal protection of the main 
technical solutions are established, have “know-how”, 
produced in an advanced country, the manufacturer is a world 
leader, practically applicable in grocery business -processes, 
ensures the production of new types of products, reduces 
production costs, automates processes, increases the 
environmental friendliness of production and goods, etc. 

Classification by the principle of minimum distance gives 
an additional advantage of the application of clustering 
methods. Since the clusters corresponding to different classes 
can be separated far enough from each other [24], and the 
values of features describing objects from different images are 
quite far from each other [13]. 

The task of cluster analysis is to find k-means (centers, 
clusters of innovation in the d-dimensional space of 
characteristics (d-number of agents). To determine the centers 
of each of the clusters representing innovation. The task of k-
means is to minimize the following objective function (2 ) for 
known data vectors A1,..., An [19].  

 
11 ( , , )1

( , ) ,
k

n

k X X X ii
F X X min A X=

= −  () 

where {𝐴1, … , 𝐴𝑛} –  {A_1, ... 〖, A〗 _n} is the set of data 

vectors in d-dimensional space; Х1, …, 𝑋𝑘 –- the desired points 
of the clusters;. 

To solve the problems of local search, the ALA algorithm 
(Alternating Locatoin-Allocation) is used [25, 26]. The local 
search procedure begins with the determination of the set of 
clusters, which is used as a subset of k data point vectors 
(selection criteria). Next, the sets of data vectors for each 
cluster for which this cluster is the closest are alternately 
found, and a new cluster is found for each of these sets. 

A. Algorithm. ALA procedure. 
Given: data vectors A1, …, An, k of the initial centers of 

clusters X1, …, Xk. 

1. For each center Xi, define a cluster Ci - a subset of data 
vectors for which the center Xi is the closest. 

2. For each cluster Ci, redefine its center Xi (3):  

 m . arg in
i

i X y C
X x y


= = −  () 

3. Repeat from step 1 if at least one cluster has changed in 
steps 1, 2. 

The practical application of the classical method of k-
means with a quadratic Euclidean distance measure (L2/2) has 
an advantage: when using a quadratic Euclidean measure, 
determining the center of the cluster is the simplest problem 
that can be solved in one step — the average value of each 

coordinate of the data vectors in the cluster is determined , the 
obtained values are the coordinates of the center of the cluster. 

If the center of the i cluster Xi = (Xi, 1, ..., Xi, d) is a vector in 
the d-dimensional space and data vectors Aj=(ai,1, …, aj,d), 𝑗 =
1, 𝑛̅̅ ̅̅̅,, respectively, also have d measurements, then the new 
center is determined by the formula (4) [27]:  

 
 

'

, ,   1, .i
ky C

i k

i

y
x k d

C


= =


 () 

When organizing a global search, either the multiple start 
of the local search procedure with randomly selected initial 
solutions is used, or various recombination algorithms of the 
initial solutions are used. 

The set of parameters of the center of the cluster may not 
completely coincide with the parameters of one of the data 
vectors, but the value of each individual parameter necessarily 
coincides with the value of this parameter of one of the data 
vectors (that is, one of the type of innovation). But at the same 
time, the accuracy of the value is preserved. 

The proposed decomposition of dividing innovations into 
classes and clusters will allow us to compare innovation in a 
cluster, find the most characteristic object and make a 
decision. 

Information on innovations is of particular importance in 
solving such problems as: 

• formation of a market of supply and demand for 
innovative products for sellers, manufacturers and 
consumers; 

• building cooperative ties for manufacturers of 
innovative products; 

• organization of development supplies and technology 
transfer. 

V. CONCLUSION 

Improving the positioning of innovative products ensures 
the growth of production and marketing, the development of 
economic relations between producers and consumers. The 
task of classifying innovations by type makes it possible to 
quickly, easily obtain information from subjects of the 
innovation market. Models and methods of innovation 
clustering will allow solving the problems of information 
search and data processing in the innovation market. 
Hamming's metric reduces the measure of distance choice of 
information on innovation. The application of the model of 
fuzzy clustering algorithms in the selection of information 
takes into account the properties and types of innovation, as an 
object of sale, and determines the final search solution. A 
justified choice of methods and models for classifying 
innovations, a data processing method and practical 
application will significantly reduce the labor costs for 
preparing management decisions for innovation at various 
levels. 
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