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INTRODUCTION 
 

Plagiarism is the attribution of authorship to someone else's work or 
someone else's discovery, invention or rationalization proposal, as well as 
the use of someone else's work in their works without reference to the 
author. In general, plagiarism can be divided into three main types: copying 
someone else's work and making it public under your own name; presenting 
a mixture of one's own and borrowed from other arguments without proper 
citation of sources; paraphrasing someone else's work without a properly 
formatted link. 

To identify plagiarism in scientific papers and other electronic 
documents, the concept of an incomplete duplicate is used. Incomplete 
duplicates are fragments of documents that contain duplicate content of data 
of a certain type (graphic data, tables, numerical data, mathematical 
formulas, etc.), but are not completely duplicates of each other. Since 
incomplete duplicates can be represented by data of different types, specific 
methods must also be used to detect them (for comparing images, diagrams, 
diagrams, mathematical formulas, text data, digital values, etc.). 

The first chapter examines the study of the possibilities of using latent 
semantic analysis for the task of identifying the completeness of the 
coverage of the results of dissertation research by applicants for a scientific 
degree. The presentation of text documents based on a probabilistic thematic 
model using n-grams is described. A probabilistic thematic model has been 
built for the problem of determining the completeness of coverage of the 
materials of the author's dissertation research in his scientific publications. 
The approximate values of the threshold coefficients are calculated, which 
determine whether in the articles of the author the provisions reflected in the 
text of the author's abstract of the thesis are taken into account. The 
probabilistic thematic model was trained based on the author's publications 
based on the BigARTM tool. Using a trained model and using a special 
regularizer, a matrix of belonging of topics determined by the segments of 
the author's dissertation abstracts to documents determined by the author's 
publications was found. 
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The second chapter is devoted to the development of alternative text 
data analysis models for the problem of finding incomplete duplicates. 
Known methods and algorithms for determining incomplete duplicates are 
considered. The method of indexing text data and its use in a software 
package for determining incomplete duplicates in electronic documents is 
also described. The adaptation of methods for detecting incomplete 
duplicates to the content of electronic documents (numerical and text data, 
mathematical formulas, tables, diagrams, diagrams and images) is 
considered. The conceptual diagram and features of the application of these 
methods in the software package for detecting incomplete duplicates in 
electronic documents are presented. 

The third section is devoted to the development of a method for 
identifying incomplete duplicates in tables. The fourth chapter describes 
methods for detecting incomplete duplicate images. The fifth section 
provides an N-gram analysis method for finding the degree of similarity of 
electronic documents with different types of content. In the fifth section, a 
method for detecting incomplete duplicates is described; taking into account 
the developed methods in the software for determining incomplete 
duplicates, a structural diagram of the support of dissertations is given. 
 



CHAPTER 1 
 
 
THE USE OF PROBABILISTIC LATENT SEMANTIC 
ANALYSIS TO EVALUATE THE COMPLETENESS OF 
COVERING THE RESULTS OF DISSERTATION STUDIES 
AND TO IDENTIFY SCIENTIFIC SUBJECT SPACES 

 
 
 
1.1 Literature review and problem statement 
 

The area of subjects and objects of scientific activity that are united by 
similar directions of scientific works or a common subject area will be 
called a scientific subject space. The subjects of such spaces are scientists, 
who are usually united in scientific communities. These communities are 
based on the co-authorship of joint scientific publications. The subjects can 
also be individual scientists who work in a certain space but do not cite or 
publish articles shared with other scientists. However, it is common to use 
such terms and concepts that are specific to each space. The links between 
the scientists that make up the subject matter space can be established 
through a network of scientific collaboration or a network of citations. 
Scientific subject spaces are dynamic structures. This is due to the fact that 
the list of terms that characterise the area is constantly adjusted due to new 
research and the loss of relevance of other studies. Accordingly, the 
composition of scientific subject spaces is changing dynamically. Therefore, 
to identify the boundaries of these spaces, it is necessary to use tools that 
can highlight the characteristics of the spaces without pre-setting them. For 
this task, it is possible to use the methods of probabilistic latent semantic 
analysis. 

In [1] it is stated that thematic modelling is one of the areas of natural 
language processing that analyses a relationship between a set of documents 
and the terms they contain by creating a set of concepts related to the 
documents and terms. In [2] it was proposed to use latent semantic analysis 
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to search for information in text files, taking into account the content of the 
documents without focusing on specific incomplete duplicates. A 
probabilistic approach to latent semantic analysis was proposed in [3]. The 
method was further developed in [4], which proposed a paragraph vector 
model for vector representation of the content of texts. The method has 
advantages from the point of view of calculations. The main disadvantage of 
this method is the difficulty of interpreting the obtained numerical results. 
Besides, modern methods based on latent semantic analysis involve the use 
of additional data about texts, such as citations of texts between authors, 
geographical representation, and so on. In particular, in [5] an author topic 
model was given, which takes into account the co-authorship of publications 
to determine their topics. Since scientific publications usually use a number 
of specific terms and concepts, it is appropriate to analyse not just the 
frequencies of individual words in the text but n-grams that reflect specific 
terms. The use of n-gram analysis in combination with latent semantic 
analysis was described in [6]. 

Probabilistic latent semantic analysis can be used to compare text 
documents (clustering and classification tasks) as well as to find similarities 
between text documents and links between terms. Probabilistic latent 
semantic analysis is also used to find similarities between small groups of 
terms. In particular, in [7] the multiple choice questions (MCQ) answering 
model using probabilistic latent semantic analysis was described. In [8] the 
use of probabilistic latent semantic analysis for machine learning tasks and 
text data mining was specified. 

We will consider two tasks that can be solved using the tools of latent 
semantic analysis: to identify scientific subject spaces and to determine the 
completeness of covering dissertation research results by degree seekers. 

Identification of scientific subject spaces is necessary for the 
following objectives: 

1) to determine in which priority areas of research a scientist works 
individually and with what contribution to these areas, 

2) to research the identifiers of subjects of a scientific area, and 
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3) to assess the potential of scientific subject space, taking into 
account the dynamics of development of the subjects that make up this 
space. 

Any collection of scientific papers has its list of subject areas. 
Accordingly, each scholar published in a collection can receive in his/her 
list of subject areas part of the areas that are determined for the collection. 
This method of identifying areas of research for scientists has 
disadvantages. In particular, the list of the subject areas of a scientist may 
include third-party areas that relate to the scientist or indirectly and directly 
do not correspond to his/her competencies or do not relate to his/her 
research activity. This is because a collection can be interdisciplinary and 
cover a wide range of topics. For example, journal [9] has a list of eight 
subject areas according to the Scopus database. They include Industrial and 
Production Engineering; Engineering; Energy and Power Technologies; 
Electrical and Electronic Engineering; Applied Mathematics; Business, 
Management, and Accounting, in particular, Technology and Innovation 
Management; Systems Management and Engineering; and Computer 
Science. That is, the range of the subject areas is quite broad. 

Let us assume that an author has sixteen articles published and 
indexed in Scopus, including eight publications in the Eastern European 
Journal of Enterprise Technologies. The Scopus database identified the 
following subject areas for the author: Engineering; Computer Science; 
Mathematics; Business, Management, and Accounting; Energy Economics; 
Physics and Astronomy; Social Sciences; and Decision Science. From this 
list, the author has no article that would even indirectly relate to Energy 
Economics, Physics, and Astronomy. A similar situation with the formation 
of subject areas is in the vast majority of scientists whose profiles are 
maintained in this database. Thus, there is a conclusion that such a method 
of forming the list of subject areas of a scientist can only be an auxiliary 
tool. Without direct contact with a scholar to determine his/her primary 
scientific competencies, it cannot be taken as a basis. Another approach 
involves the open- source software Mendeley [10] for managing 
bibliographic information. Mendeley is for storing and viewing research 
papers. In an author’s profile, it is possible to view the statistics of reading 
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publications, taking into account information about the degree or status of 
the person who has viewed a publication and his/her priority subject area. 

In [11] the method of clustering publications of scientists was 
described by scientific areas to define scientific subject spaces. This method 
proposes two ways to find the distance between publications: the length of 
the route in the citation graph between publications and the similarity 
between the abstracts of publications based on the method of locally 
sensitive hashing. The use of clustering of publications taking into account 
n-grams of analysis was analysed in [12]. 

Defining scientific subject spaces is an important task of correct 
assessment of research activities of universities and scientists [13]. In [14] 
the method to estimate subjects of scientific areas on the basis of calculating 
the generalized volume of m-simplex was described. The use of this method 
implies the presence of a significant amount of data on the activities of 
subjects or objects of a scientific area; in particular, these data can change 
dynamically and are usually presented in the form of time series [15]. Also, 
defining the boundaries of scientific subject spaces is a key step in planning 
and evaluating the results of a subject’s research activity. The availability of 
information about other subjects in a given area allows for comparisons and 
evaluations of the contribution of this subject to the development of the area 
as a whole. In works [16, 17] info communication systems for evaluation of 
scientific activity was analysed. A project vector method, which was 
described in [18], can be used to manage scientific activity. This 
methodology involves the use of decision-making methods, in particular the 
multi-stage decision-making process, which were described in [19], and KPI 
evaluation [20, 21]. The methodology also involves the consideration of 
scientific activities through the prism of project activities [22]. Distributed 
project management information systems were described in [23]. 

The task of assessing the completeness of covering the results of 
dissertation research is associated with the identification of incomplete 
duplicates [24], and not in terms of identifying plagiarism but to find 
fragments of text in the abstract or dissertation. However, since the analysis 
of a sufficient amount of dissertation materials is a difficult task, due to 
limited access to these materials, it is convenient for this task to analyse the 
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texts of abstracts, which, according to the requirements, are published for 
open access. However, in this case, there is a difficulty due to the fact that in 
the abstract the text and wording of the novelty may differ significantly 
from those that are stated in the author’s articles. Therefore, the use of 
methods for determining incomplete duplicates is incorrect. The authors 
propose to use probabilistic thematic modelling for the task of assessing the 
completeness of covering the results of dissertation research. 

To accomplish the goal, the following tasks have been set:  
The aim of the study is to determine the possibilities of applying latent 

semantic analysis for the tasks of identifying scientific subject spaces and 
determining the completeness of covering the results of dissertation research 
by degree seekers. 

To achieve this aim, the following tasks were set and done: 
– to perform a systematic analysis of a probabilistic thematic model of 

presenting text documents, in particular scientific documents, using specific 
subject terms that are represented by n-grams, 

– to provide a formal description of the probabilistic thematic model 
for the problem of clustering publications of scholars in scientific areas, 
which is an important step for the identification of scientific subject spaces, 

– to give a formal description of the probabilistic thematic model for 
the task of assessing the completeness of covering the materials of the 
author’s dissertation research in his/her scientific articles, and 

– to verify probabilistic thematic models for the tasks of clustering 
publications of scholars in scientific spaces and to evaluate the completeness 
of covering the author’s dissertation research in his/her scientific articles. 

  
1.2 The probabilistic thematic model of presenting text documents 
taking into account n-grams 

 
Suppose a collection of text documents is Q={q1, q2, …, qm}. Then 

each document is qj; j 1,m=  is a fragment of a text consisting of words  
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{ }n j1 2

j1, j 2,j j n , jw ,w , ,w ,q ββ β= …  

 

nj is the number of words in the document qj, and βi, ji 1,n=  is the 

word length. A word is represented by a sequence of characters that belong 
to a finite alphabet A. If a document contains graphic objects, including 
drawings, diagrams, charts, mathematical formulae, the probabilistic 
thematic model does not take them into account. 

We will canonise the collection of text documents. For caconization, 
we first discard all the words in the list of stop words. Then we construct the 
word sequences of the document qj in the canonised form. That is, a text 
document 

 

{ }u j1 2

j1, j 2,j j u , jw ,w , ,w ,q ββ β= …  

 

where i
i, jwβ  is the word i

i, jwβ  in the canonised form βi, ji 1,u=  is the 

length of words in the canonised form, and uj is the number of words in the 
canonised text. 

One of the identifiers to determine to which scientific area a text 
document belongs is the use of specific terms and concepts. These concepts 
can be given in one, two, or more words. Therefore, according to the 
authors, it is advisable to consider not individual words of a document but 
its n-grams. Therefore, in the future, the term will be understood as 
unigrams, bigrams, or n-grams, which represent those words or expressions 
that help identify to which scientific area a text document belongs. Let us 
denote the dictionary of terms for the collection of documents by Ω. 

Suppose that there is a finite set of research topics T. If the frequency 
of occurrence of certain terms that define the scientific subject space B in 
the text is higher than the frequency of occurrence of terms of other areas, 
the text belongs to the scientific subject space B. A topic of a document will 
be understood as the probabilistic discrete distribution on the set of terms Ω, 
as in [3]. That is, there is a hidden relationship between terms, topics, and a 
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text document. To reflect this dependence, we will present text documents 

as a set of points (qi,ωi,ti), i 1,Y,=  Y=|Q|∙|Ω|∙|T| in a discrete probability 
area Q×Ω×T with an unknown probability function p(q, ω, t). The values of 
the function p(q, ω, t) can be estimated on the basis of a statistical definition 
of probability: 

 

( ) q t
Q T

q t
q 1 1 t 1

p q, , t
n

,
n

ω
Ω

ω
= ω= =

ω =

∑∑∑
 

 
where p(q, ω, t) is the probability of using the term ω in a text 

document q on the topic t, and nqωt is the number of points (q, ω, t) in the 
space Q×Ω×T for a given set of text documents. In other words, p(q, ω, t) is 
the number of uses of the term ω in the text document q on the topic t. 

According to the formula of total probability, the satisfied equality is 
 

( ) ( ) ( )
T

t 1
p q p t,q p t q .

=

ω = ω∑  

 
Let us introduce assumptions about the independence of the use of 

terms in documents. We will assume that the use of terms depends only on 
the topic. Let us denote by 

 

( ) ( ) ( )
T T

t tq
t 1 t 1

p q p t p t q .ω
= =

ω = ω = φ θ∑ ∑    (1.1) 

 
The probabilistic model describes the process of forming a collection 

of documents based on the known distributions p(ω|t) and p(t|q). 
Based on the collection of Q documents, it is necessary to find the 

frequency estimates of the distributions or the parameters φωt and θtq. The 
parameters are defined so that model (1.1) approximates the estimates of the 
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conditional probabilities ( ) q

q

n
p q ,

n
ωω =  where nωq is the number of 

occurrences of the term ω in the document q, and nq is the length of the 
document q. 

Let Φ be a matrix representing the belonging of terms to the topics 
Φ=(φωt)Ω×T, and let Θ be a matrix of belonging of the topics to the 
documents Θ=(θtq)T×Q. 

The principle of maximum likelihood can be used to estimate the 
unknown parameters of probabilistic models [25]. The likelihood function is 

defined as the sampling probability ( )K
i i i 1

q ,
=

ω  of the model parameters Φ 

and Θ, 
Q

q
q 1 1

K n :
Ω

ω
= ω=

=∑∑  

 

( )( ) ( )

( ) ( )q q

K
K

i i i ii 1
i 1

Q
n n

,q 1 q

p q , ; , p q ,

p q p q max.ω ω

=
=

Φ Θ
= ω∈

ω Φ Θ = ω =

= ω →

∏

∏∏
  (1.2) 

 
Problem (7.2) is incorrect because it has an infinite number of 

solutions. This problem can be solved with the inclusion of the regularizer 
R(Φ, Θ), which helps reduce the problem to the correct one [26]. 

After logarithmization (7.2) and taking into account the regularizer 
R(Φ, Θ), we obtain the maximization problem: 

 

( )
Q T

q t tq ,q 1 q t 1
n ln R , max,ω ω Φ Θ

= ω∈ =

φ θ + Φ Θ →∑∑ ∑   (1.3) 

t
1

1,
Ω

ω
ω=

φ =∑  
T

tq
t 1

1,
=

θ =∑  t 0,ωφ ≥  tq 0.θ ≥    (1.4) 
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The regulator defines additional constraints that allow obtaining a 
single solution from an infinite number of solutions of problem (1.2). In 
[27] it was proposed to consider the columns of the matrices Φ and Θ as 
random vectors with the Dirichlet distribution: 

 

( ) ( ) ( )
T Q T

t t tq
t 1 1 q 1 t 1

R , 1 ln 1 ln ,
Ω

ω ω
= ω= = =

Φ Θ = β − φ + α − θ∑∑ ∑∑    (1.5) 

t 0,α >  
T

0 t
t 1

,
=

α = α∑  0,ωβ >  0
1

,
Ω

ω
ω=

β = β∑  

t 0,ωφ >  t
1

1,
Ω

ω
ω=

φ =∑  tq 0,θ >  
T

tq
t 1

1.
=

θ =∑  

     
 

If βω=1 and αt=1, then we obtain the problem without a regularizer. 
If there is an additional link between documents, such as information 

about citing some documents in others, it can be assumed that the related 
documents have similar topics. In this case, the regularizer will look like 

 

( )
Q Q T

q c tq t c
q 1 c 1 t 1

R n ,
= = =

Θ = τ θ θ∑∑ ∑   (1.6) 

 
where nqc is the weight of the relationship between the documents of a 

collection, for example, the number of citations of a document c in the 
document q [28], τ is the parameter that affects the convergence of solving 
the problem by some numerical method. 

To numerically solve the problem, it is possible to use an iterative 
approximate EM-algorithm, which consists of two steps: E-step and M-step. 
First, the probabilities (E-step) are determined on the approximate values of 
the parameters: 
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The M-step is determined by the maximization problem: 
 

( ) ( ) ( )
Q T

q t tq ,q 1 1 t 1
n p t q, ln R , max,

Ω

ω ω Φ Θ
= ω= =

ω φ θ + Φ Θ →∑∑∑  (1.8) 

 
where q∈Q, ω∈Ω, and t∈T. 
The steps E and M are performed sequentially. The condition for 

completing the algorithm is the fulfilment of the conditions 0,∃ε >  that 
k k 1−Φ −Φ < ε  and k k 1 ,−Θ −Θ < ε  where kΦ  is a matrix representing 

the belonging of terms to topics obtained by the iteration k, kΘ  is a matrix 
representing the belonging of topics to documents obtained by the iteration 
k, k N,∈  and ε is a predefined constant that determines the accuracy of 
calculation. 

 
1.3 Application of the probabilistic thematic model to the problem of 
clustering publications of scientists by subject spaces 

 
Let A={a1, a2,…, an} be a set of scientists with n as the number of 

scientists and Q={q1, q2,…, qm} be a set of publications by these scientists 
with m as the number of publications. Let us denote by  

 
V={η1, η2, …, ηψ} 

 
a set of scientific subject spaces with ψ as the number of areas. 

Identification of scientific subject spaces is a process of establishing a 
correspondence between a particular scientist and the scientific spaces in 
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which this scientist works and publishes scientific articles within these 
areas. That is, it is necessary to find the mapping Λ:A→V. One of the ways 
to identify scientific subject spaces is to use the  information on the 
publishing activity of scientists. 

In [11] a two-stage clustering method was proposed, which was based 
on two ways of finding the distance between publications. In the first stage, 
the distance between publications was calculated based on the length of the 
minimum route on the citation graph. In the second stage, the distance 
between publications was calculated based on the degree of similarity in the 
content of the abstracts of these publications by the Hamming distance 
based on the method of locally sensitive hashing. After applying the method 
of clustering this graph and taking into account the specifics of the input 
data, it was proposed to combine the clusters according to the criterion of 
proximity of centres of gravity. The use of each stage separately leads to the 
emergence of isolated clusters of publications that may belong to the same 
scientific subject space. In particular, there are groups of scholars who study 
one topic in parallel, but there are few or no citations between their 
publications. Similarly, given the different authors’ styles of writing, there 
are abstracts of publications that focus on different aspects of the same 
problem, thus being quite distant in content. The use of both methods of 
estimating the distance between abstracts makes it possible to identify more 
accurately publications that belong to a common area of research. These 
stages do not take into account the thematic area of a text, the author’s style 
and other characteristics for qualitative identification of the research area. 
Therefore, it is proposed to increase the efficiency of clustering publications 
in combination with probabilistic latent semantic analysis. 

Let the set C⊂Q×Q specify the citation ratio between scientists’ 
publications. The relationship between publications and their citations can 
be represented as an oriented graph (Q, C) where publications from the set 

Q are vertices and citations C are arcs of the graph. To find the scales qn ω , 

it is possible to use the value inverse to the length of the minimum route 
between the corresponding vertices of the graph (Q, C). If there is no route 
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between the vertices, then nqω=0. From formulae (1.3), (1.4), and (1.6), we 
obtain the following: 

 
Q T Q Q T

q t tq q c tq t c ,q 1 q t 1 q 1 c 1 t 1
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= ω∈ = = = =
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In contrast to strict clustering [11], on the basis of problem (1.9)–
(1.10), a fuzzy distribution of publications belonging to the clusters will be 
obtained, which is described by the matrix Θ: 
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   (1.11) 

Let us denote by ( )z iQ a  the set of publications of the author ai, 

i 1,n,=  included in the cluster yz, z 1, := ψ   

( ) ( ){ }z i j i j j zQ a q Q a ,q U,q y ,= ∈ ∈ ∈  i 1,n,=  z 1, ,= ψ  

U⊂A×Q, 
which reflects the authorship of the publications q∈Q. 

Then the membership of the scientist ai, i 1,n=  in each of the clusters 

yz, z 1, ,= ψ  will be defined as follows: 

( ) ( )

( )( )
iz

zq
q Q a

z i
z i

R a ,
card Q a

∈

θ
=

∑
 1, ,z= ψ    (1.12) 

 
where Rz(ai) is the belonging of the scientist ai in the cluster yz. 
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1.4 Application of the probabilistic thematic model to evaluate the 
completeness of the dissertation coverage in publications 

 
Let the dissertation text or dissertation abstract be divided into m 

segments,  
Q={q1, q2, …, qm}, 

 
which correspond to the described results (divided into paragraphs, 

chapters, sections, etc.). It is not known in advance what result is described 
in which of the segments. In the presentation of probabilistic latent semantic 
analysis, the author’s publications will be determined by the probability 
distribution of the frequencies of the terms and can be used to define 
specific topics  

T={t1, t2, …, t|T|}. 
 

The set of terms Ω is based on analysing the text of the author’s 
abstract or dissertation. The degree of belonging of the abstract segment to 
the corresponding author’s publication can be found on the basis of solving 
the problem (1.3)–(1.5). The solution of the problem will be the matrix Θ. If 

it has a column whose values are close to zero, ∀j θtj≤H1 for t 1, T ,=  the 

result described in the text segment corresponding to this column is not 
covered in any of the author’s publications. If there is a line in it the values 

of which are close to zero, ∀j θtq≤H2 for q 1,m,=  the author’s publication 

contains results that do not correspond or are not covered in the dissertation 
research or abstract. H1 and H2 are small numbers the values of which are 
determined as a result of statistical observations. The results of the analysis 
are passed on for examination. 

The distribution of terms by topic, that is, the matrix Φ, is 
approximately known and determined in advance because for a particular 
author, it is easy to find this distribution. For example, the terms of an 
author’s scientific publications may be their relevant keywords. 
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To identify the elements of the matrix Φ, partial training can be 
conducted, during which experts can note in the topics those terms and 
segments of the text that are relevant. This will increase the stability of the 
model. The enquiry is made for the semantic core of one or more topics 
[29]. It is necessary to adjust the formula for the regularizer (1.5) because 
the columns of the matrices Φ and Θ are not independent: 

 

( )
T Q T

t t tq tq
t 1 1 q 1 t 1

R , ln ln ,
Ω

ω ω
= ω= = =

Φ Θ = β φ + α θ∑∑ ∑∑    (1.13) 

 
where βωt is a numerical estimate determined by the number of 

relevant terms, and αtq is a numerical estimate determined by the number of 
relevant text segments. 

 
1.5 Verification of the probabilistic thematic model for the set tasks. 
Discussion of the results of applying the probabilistic thematic model 

 
To verify the results of the study, the analytical information system 

“Database of Scientists of Ukraine” was finalized; it is a database with 
information about 215,082 scientific publications and 58,834 Ukrainian 
authors of these publications. To cluster the scientific publications, the 
method of clustering a citation graph taking into account the similarity of 
abstracts of scientific publications was used for the task to identify scientific 
subject spaces. The functionality of the system was also expanded in terms 
of using probabilistic latent semantic analysis for the problem of clustering 
scientific publications based on the probabilistic thematic model (1.9)–
(1.10), taking into account n-grams. To calculate the matrices Φ and Θ, a 
tool for building thematic models with the open source BigARTM was used 
[30]. The probabilistic thematic models that can be used in this tool were 
described in [31]. The input for thematic modelling in this tool is two files 
based on a collection of publications. One file consists of a list of all words 
in the canonised texts of publications; stop words, all nouns in the 
nominative singular form, verbs in the infinitive form, etc. are not taken into 
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account. The second file is represented by a table with fields such as a 
publication index, a word index in the first file, and the number of word 
occurrences in the publication. The result of the tool is the matrices Φ and 
Θ. Next, formula (1.12) was used for the constructed matrix Θ to make a 
conclusion about the belonging of the author of the publication to  relevant 
scientific subject space. 

It was established that the values of H1 and H2 should be close to 5·10-5. 
The verification results show the possibilities of applying latent 

semantic analysis to the tasks of identifying scientific subject spaces and 
assessing the completeness of covering the results of dissertation research 
by degree seekers. A feature of the probabilistic thematic model for 
clustering publications of scientists in scientific spaces, taking into account 
the citation network (1.9), (1.10), and (1.12), is the problem of increasing 
instability of clustering the citation graph due to a smaller number of 
clusters. This problem arises when combining clusters based on the 
clustering of the citation graph, taking into account the similarity of the 
abstracts of scientific publications. A feature of the probabilistic thematic 
model for the problem of evaluating the completeness of covering the 
author’s dissertation research materials in his/her scientific publications 
(1.9), (1.10), (1.13) is the use of training and the special regularizer (1.13). 
The result of applying the model is a matrix of belonging of segments of an 
author’s dissertation abstract to the documents determined by the author’s 
publications. The application of this model to this problem has not been 
described yet. 

For the task of clustering scientific publications, due to the properties 
of latent semantic analysis to detect hidden links, it was possible to reduce 
the number of clusters of scientific subject spaces and solve the problem of 
increasing instability of clustering graph citation due to reducing the number 
of clusters. The model (1.9), (1.10), and (1.12) is used for this purpose. For 
the task of determining the completeness of covering the results of 
dissertation research, degree seekers have the opportunity to study the 
probabilistic thematic model (1.9), (1.10), and (1.13) according to the 
author’s publications. As a result, the matrix Φ is recorded, and the special 
regularizer (1.13) is used to find the matrix Θ. 
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The class of expert methods is mostly used for the task to identify 
scientific subject spaces. The disadvantage of this class for this task is that 
the number of publications of scientists to be distributed among a 
sufficiently large number of clusters is constantly growing. In the presented 
probabilistic thematic model (1.9), (1.10), and (1.12), the problem of 
identifying scientific subject spaces is solved by clustering scientific 
publications without taking into account opinions of experts. 

The task to identify the completeness of covering the results of 
dissertation research by seekers of a science degree is poorly understood. 
The given model (1.9), (1.10), and (1.13) helps receive a matrix of 
belonging of an author’s segments of the dissertation abstract to documents 
that are defined by publications of the author for a small volume of input 
data. The model is sensitive to the emergence of new publications, so in this 
case, to fully solve the problem, it is necessary to modify the model so that 
it does not require retraining. 

A limitation of the study is the problem of canonisation of texts in 
different languages. This study uses textual information in the Ukrainian 
language. In further research, restriction of texts to one language database 
will be offered, especially due to the fact that the tools to canonise English 
texts have more opportunities, in particular for scientific publications. 
Besides, a limitation of the second task is the difficulty of obtaining full 
texts of dissertations for complete verification of the model. 

The peculiarity of latent semantic analysis is that it is used for a wide 
range of text processing tasks. This work has considered two specific 
problems that were solved on the basis of probabilistic thematic models with 
appropriate regularizers. The considered tasks were based on the problem of 
maximizing the plausibility function that used to be set incorrectly. Only 
appropriate regularizers were used to reduce the task to the correct one. 
Other methods of reducing tasks to the correct ones were not considered. 

The principle that underlies it is described in article [32]. 
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DEVELOPMENT OF THE COMBINED METHOD OF 
IDENTIFICATION OF NEAR DUPLICATES IN ELECTRONIC 
SCIENTIFIC WORKS 

 
 
 
2.1. Literature review and problem statement 

 
The task of analyzing the content of electronic scientific papers for the 

identification of near-duplicates is relevant for professional scientific 
publications, specialized academic councils for the presentation of 
dissertations, and the scientific community in general. Improving the 
methods for identifying near-duplicates of scientific papers is an important 
tool for preventing abuse and plagiarism in the field of higher education and 
ensures academic integrity. However, the problem of identifying near-
duplicates is not easy, since electronic scientific works can contain data of 
different types: texts, mathematical formulas, tables, schemes and diagrams, 
pictures, numerical data, etc. For the qualitative identification of near-
duplicates, the data of all types must be analyzed for similarities using 
various methods that are best suited for analysis. That is why there is a 
problem of devising a combined method for identifying near-duplicates in 
scientific papers, taking into consideration data of various types. 

An electronic scientific paper is a description of scientific research 
published electronically on the Internet, which meets the key requirements 
for the design of scientific papers. An electronic scientific paper includes an 
analysis of a scientific problem or a task, research methods, results, and 
conclusions. An important prerequisite for a high-quality electronic 
scientific paper is to arrange its peer review before publication on the 
network. In this process, the key role is played by the identification of near-
duplicates, the existence of which in an electronic scientific paper may 
indicate borrowing of third-party information without its citation, which is a 
copyright infringement. In general, the existence of near-duplicates in a 
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scientific paper without appropriate citation means that a paper cannot be 
admitted to scientific review. The task of identification of near-duplicates is 
of particular relevance for specialized academic councils and experts 
admitting a dissertation to the defense. A large number of scientific 
materials that must be presented by the author of the dissertation research 
may contain near-duplicates without citations to other studies in the area of 
a dissertation. Such abuse should be detected at the stage of consideration of 
a dissertation by experts and returned to the authors with a reasoned 
indication of the essence of violations. Thus, the task of devising a 
combined method for identifying near-duplicates in electronic scientific 
papers is relevant for education and science in general and ensures academic 
goodness and quality of scientific materials. 

Analysis of sources should be divided into several components, taking 
into consideration the type of data to which the problem of identification of 
near-duplicates is applied. To solve the problem of identifying near-
duplicates in images, paper [33] gives a description of a scheme for 
comparing an image with the images that are included in the corresponding 
databases to find a similarity between them. This scheme has acquired 
further development in paper [34]. The main drawback of the proposed 
schemes is great computational complexity. As a result, the search for near-
duplicates may take an unacceptably long time. Another strategy for 
comparing images is to analyze each pixel separately. Paper [35] described 
this approach. However, its drawback is its dependence on the image size. 
In article [36], it is proposed to use comparisons of local image sections to 
identify near-duplicates. The effectiveness of this approach was shown in 
the article [37]. The use of k-bit hash codes for this task was described in 
[38]. Paper [39] described a quick method for identifying near-duplicates in 
images that uses an intelligent method of analyzing similarities with the 
images published on the Internet. Paper [40] offers an improved algorithm 
for detecting near-duplicates of images, which uses the general feature of 
the color histogram, taking into consideration local complexity based on the 
calculation of entropy. This modification increases the accuracy of 
recognizing near-duplicates of images without a significant increase in 
calculations. Analysis of text information similarity is often used to identify 
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duplication in Web documents. In particular, paper [41] describes the 
problem of identifying near-duplicates for ranking web pages. Article [42] 
uses statistical analysis to avoid spam on the Internet. Article [43] describes 
the problem of making abstracts for digital libraries, which eliminates 
duplication of information. The described methods in the corresponding 
representation can be effectively used to identify near-duplicates of 
electronic scientific papers. Paper [44] describes a conceptual scheme for 
identifying near-duplicates in electronic documents. In particular, the 
method for identifying near-duplicates in tables based on locally sensitive 
hashing is described in research [24]. In this work, the concept of search is 
based only on the calculation of similarity. Paper [12] describes the method 
of n-gram analysis for identifying near-duplicates, which is a modern 
approach to establish similarities in text data. To identify the subjects of 
research of authors, in particular, of dissertation research, it is necessary to 
apply latent-semantic analysis. It was shown that the field of the study 
directly depends on the content of a scientific paper, which affects the 
quality and speed of identification of near-duplicates [32]. Paper [45] 
proposes the clustering method based on representative merge (Merge-
Filter-RC) to detect near-duplicates in one or more data sources. Paper [46] 
describes the use of the TDW matrix. Each element of the matrix represents 
the frequency of the term in a document multiplied by the weight. The 
importance of a term is assumed to vary depending on the location on the 
page. The authors make a predefined list of weights based on the HTML 
tags in which the term appears and assign weights from that list. The TDW 
matrix is used in paper [47] to identify near-duplicates, taking into 
consideration filtering of documents by the number of sentences. Article 
[48] describes the methods for measuring the similarity of a text to identify 
near-duplicates that can be used in borrowing detection systems in 
electronic scientific papers. However, scientific papers contain the content 
of different types: text, mathematical formulas, tables, images, etc. For 
qualitative identification of near-duplicates, the data of all types must be 
indexed and checked for borrowing. 

The purpose of this study is to develop a combined method for 
identifying near-duplicates in electronic scientific papers, taking into 
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consideration the data of various types. This will make it possible to 
qualitatively identify near-duplicates and detect possible abuses and 
plagiarism in electronic scientific papers as widely as possible. To achieve 
the aim, the following tasks were set:  

– to analyze the methods for identifying near-duplicates in electronic 
scientific papers that contain the content of the same type, for example, text 
data, mathematical formulas, numerical data and consider using these 
methods to devise a combined method for identifying near-duplicates in 
electronic scientific papers;  

– to develop an algorithm for the implementation of the combined 
method for identification of near-duplicates, which combines methods for 
identifying near-duplicates of data of various types;  

– to verify the combined method for identification of near-duplicates 
in electronic scientific papers. 

The research used the methods of analysis, processing, and storing big 
data to identify similarities in databases using hash functions. The method 
of locally sensitive hashing and the method of comparison with the sample 
for identification of near-duplicates in electronic scientific papers were used. 
The method of comparative analysis was used to prove the effectiveness of 
the combined method for identifying near-duplicates. 

An experiment on the identification of near-duplicates of electronic 
scientific works based on commercial services: Turnitin, Advego, and the 
system devised by the authors was carried out. To canonize the text of 
scientific papers in the developed system, a dictionary of stop words was 
created and a dictionary of the Ukrainian language was used. However, the 
functionality of the system makes it possible to use dictionaries of another 
language to canonize a text. 

 
2.2. Adapting Incomplete Duplicate Detection Methods to the Content 
Type of Electronic Documents 

 
Let us briefly consider methods for detecting incomplete duplicates in 

the content of electronic documents containing a certain type of data: 
picture, text, formulas, diagrams, diagrams, etc. 
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When determining incomplete duplicates in electronic documents, 
some components of the content of documents can be displayed by graphic 
elements [24]. Methods for determining incomplete duplicates in images 
should be adapted for comparing graphical representations of formulas, 
diagrams, diagram drawings, graphs, etc. Finding incomplete duplicates of 
images involves the following difficulties: often you need to find exact 
matches, incomplete duplicates of cropped, glued images, images with 
resizing, colors, flipped or rotated images. 

The main idea of the search is to find incomplete duplicates of the 
same image, not similar ones. As for other requirements for the method for 
determining incomplete duplicates, more precisely, for the results of this 
method, it is to achieve the maximum possible completeness and the 
minimum number of errors. Completeness is defined as the ratio of the 
number of incomplete duplicates found to the total number of incomplete 
duplicates in the database. 

Duplicates are modified copies of the same image. To find duplicate 
images, you can use similar file search methods, MD5 signatures to find 
completely identical files, or locally-sensitive file hashing (for example, the 
ssdeep method). But these methods are imperfect because even changing the 
file format (for example, converting JPEG to PNG) will completely change 
its binary structure. Therefore, search methods based on processing images 
in the form of binary files are impractical; they can only be used to find 
completely identical files. 

In the case of using a search method based on hashing image files 
using the MD5 algorithm (or other similar function), even editing EXIF 
information (service information about the date the photo was taken, camera 
model, etc.) will cause the files to be  considered different. Therefore, it is 
necessary to pay attention to approaches that consider an image as a graphic 
object, and not a binary file, namely: hashing the color values of image 
pixels, determining key points, etc. 

There are many types and formats of images, but all of them can be 
rasterized and saved in one of the popular formats: PNG, TIFF, JPEG. 

Among the approaches to processing graphic information, two main 
directions can be distinguished: the determination of key points of the image 
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and the use of locally sensitive hashing for the pixels of the image. These 
methods can be combined and generally give satisfactory results when 
looking for similarities in images. 

Creating a unique way to identify incomplete duplicates in images is a 
challenging job. Therefore, to build an information system for determining 
incomplete duplicates in the content of electronic documents, it was decided 
to choose the existing method for determining incomplete duplicates using 
perceptual hashing and modify it so that it meets the requirements of the 
system. 

There are methods for detecting incomplete duplicates in images that 
give results with a high search completeness value. They are based on the 
definition of key points of the image (Fig. 2.1). Although these methods 
give good results in the case of image detection, they have one significant 
drawback - they find all similar images, not just duplicates. 

 
Figure 2.1. - Detection of incomplete duplicates in images 
 
Using key points, the maximum number of similar images is found, 

but there is a high probability of erroneous results. Having a large number 
of erroneous results, we overload the Expert Advisor working with the 
system. 
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Let's consider the method of indexing an image using the example of 
finding the hash by the average value. This type of indexing is one of the 
simplest, but it is suitable for finding duplicate images there. The obtained 
signatures of different images using this method can be compared with each 
other using the Hamming metric, determining the percentage of similarity. 
This is very convenient, since the received signatures can be stored in the 
database, so as not to perform these operations every time. Thus, each image 
is indexed only once. In addition, locally sensitive hashing text index entries 
are also compared by calculating Hamming distances. This will allow the 
use of a unified comparison tool for both the text index and the image index 

Any optimizations to the text index hash comparison method will 
apply to indexes of both content types. As a result of indexing tables, binary 
strings are also obtained, which must be compared using the Hamming 
measure. 

Using a perceptual hash. For the method based on perceptual hashing, 
it is necessary to reduce the image, not to 8x8 pixels, but at least to 32x32. 
Instead of grayscaling the image, a discrete cosine transform is used, thus 
highlighting the characteristic features of the image. The binary value of the 
signature is generated in the same way as in the previous method. This 
method gives theoretically positive results, since it determines the features 
of the image, and, in the case of hashing, all these features are taken into 
account (without dividing the image into fragments), which theoretically 
should minimize the number of errors. 

Almost all scientific texts, including dissertations and scientific 
articles, contain mathematical formulas and images. To check scientific text 
documents for similarities with publications that can be found in publicly 
available network sources, the so-called "Antiplagiat" systems are usually 
used, which implement monitoring and verification technology through 
standard search algorithms that provide a fairly quick and effective search 
for full or incomplete duplicates, and also guarantee correct text processing 
[20-30]. However, such systems do not allow the verification of images and 
mathematical formulas. In this case, problems arise that cannot be solved 
using standard procedures. Additional special difficulties appear in the 
process of analyzing mathematical formulas in the compared texts in order 
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to identify similarities in them. To solve these problems, it is necessary to 
develop non-standard approaches. 

A characteristic feature of mathematical information is the use of a 
complex and highly developed two-dimensional symbolic notation system. 
The complexity of the analysis and recognition of mathematical formulas is 
that in order to find incomplete duplicates, it is necessary to analyze not just 
a graphic image, filtering, highlighting contours and applying specific 
comparison methods, but also a textual interpretation of the formula in order 
to identify incomplete duplicates, provided that the formula contains the 
designations of letters, symbols of mathematical operations, the shape of 
brackets, etc. have been changed. [55]. Therefore, to find incomplete 
duplicates of mathematical formulas, it is advisable to use hybrid methods 
of analysis and comparison. 

In the text, formulas can be shown as a picture or as a graphic object 
created using one of the formula editors. Formula editor is a computer 
program designed to create and edit mathematical and other formulas. 
Formula editors are technology-based: 

- the use of a special markup language, for example TeX, MathML in 
the LaTex editor, Math for the OpenOffice editor; 

- creating formulas using a graphical interface: KFormula, MathType, 
MathCastmula, WIRIS Editor, MathCast; 

- built-in components: Math Expression Editor Light; 
- symbolic computing: Mathematica. 
Notable specialty markup languages are LaTex and OpenOffice Math. 

LaTex is a text preparation system suitable, in particular, for the preparation 
of scientific publications containing mathematical formulas. It can be used 
for many other kinds of documents as well. LaTech is built on top of TEX 
[56]. 

The TEX markup language is a fairly common typesetting language 
developed by D.E. Knut [57]. Until now, some well-known publications 
accept for publication technical and mathematical articles prepared in the 
TECH format. The advantage of presenting formulas in this format is the 
ability to fully control the appearance of any formula. This is especially 
important for writing complex mathematical expressions containing 
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For example, in Math to create a formula: 
m n

0 M N
a b
A B

P PG G RTln
P P

∆ = ∆ +  

 
you need to enter text: 
 
%DELTA G= %DELTA G^0 + RT ln {P^m_M P^n_N} over {P^a_A 

P^b_B}. 
 
To designate variables, letters of Latin, Greek are used (using the full 

spelling of letters, \alpha, \beta) and others. To indicate actions, use special 
marks (for example, "^", "_"), mathematical operators (for example, "+", "-
", "=", "\neq" (≠), "\sum" (∑) and so on), standard math functions (for 
example, \sin, \min, \ln и т.п.), special operator words that define fractions, 
binomial coefficients, radicals (for example, \sqrt, \frac { numerator } { 
denominator }» and so on). Note that recently, the Math system has also 
been used to write mathematical formulas on web pages. ASCIIMathML. 

The general principle of using MathML is that mathematical constructs 
are embedded in a normal HTML document and are displayed adequately 
after downloading it from the web. The first thing that distinguishes the 
MathML markup language from its counterparts is the use of two ways to 
encode expressions. One of them is associated with the direct transfer of the 
syntax of the formula (presentation), the second, on the contrary, reflects the 
semantics of the expression (content). 

Presentation markup describes mathematical symbology with building 
expressions using some output schemas and means of placing expression 
fragments such as fractions, superscripts, and subscripts. Semantic markup 
describes mathematical objects and functions, where for each node an 
expression tree is built according to some specific scheme, and the branches 
of this tree correspond to subexpressions. 

Since the issue of placing texts containing mathematical formulas and 
expressions on web pages is important, practical studies of this problem have 
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recently become widespread. In particular, for this purpose, Java applets are 
used, which visualize mathematical formulas in HTML pages and allow you 
to view and edit them in a browser window (an applet is an application in the 
Java programming language in the form of bytecode, executed in a web 
browser using virtual Java cars). For example, a description of the WebEQ 
Viewer Control and Input Control applets developed by Design Science, Inc. 
for visualization of formulas is given in [60]. In addition, the DragMath 
Equation Editor can be used to work with web-texts containing formulas. 
After calling this editor, the Java machine is launched and a window for 
constructing formulas is displayed, reminiscent of the corresponding editor 
window of the Microsoft Equation type. In this case, the rules for marking up 
formulas in the DragMath Equation Editor and Microsoft Equation are 
practically the same. 

Thus, the comparison of formulas created in editors of this type does 
not cause difficulties. The formula creates a template consisting of special 
characters, service words, and function designations. When comparing 
formulas, their templates are compared, and if they match, the question arises 
about the possible equivalence of the formulas. By analogy with the analysis 
of texts, when analyzing formulas created using special markup languages, 
the so-called "stop words" should be rejected. In mathematical markup 
languages, such words can be formatting characters, spaces, etc. 

GUI editors. To create mathematical texts, the Equation editor is widely 
used, which has specific capabilities for constructing formulas and belongs to 
the Microsoft Office suite. This formula editor is an abbreviated version of 
the MathType program from Design Science. Formulas created with this 
editor can be used in Microsoft applications, primarily in the text editor 
Word, as well as in PowerPoint presentations and Excel spreadsheets. In this 
formula editor, you can create complex mathematical formulas using symbols 
and toolbar templates (Figure 2.2). 

The panel contains over 150 mathematical symbols and 120 templates 
for fractions, sums, boundaries, etc. Templates can be nested within each 
other to create multi-step formulas. The formulas in this case are for 
illustrative purposes only; in fact, they are stylized drawings, which is why 
they cannot be used for calculations. Formulas in the process of creation are 
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designed according to the rules for writing mathematical expressions accepted 
in the editor, but their styles and size can be changed at the request of the 
user. A formula, created in Microsoft Equation, is an "object" that occupies a 
rectangular area in a document, and can be positioned on top or inside the 
text. Some math function names (eg sin, cos) are automatically recognized 
and written in roman. 

 

 
Figure 2.2. - The interface of the editor MS Equation Editor 3.0 
 
MathType is a professional version of the Equation Editor that works 

with Word, Corel WordPerfect and many other applications, and also 
significantly improves the capabilities of the Equation Editor. MathType is 
more integrated into the word processor. This editor works with formulas as 
part of the text, and not with pictures inserted into the text, which makes 
many problems disappear. 

The MathType user interface, like most other Windows applications, is 
intuitive and visually oriented. For every math concept, MathType has a 
template containing characters and spaces to fill. There are about 175 
templates in total, including fractions, radicals, sums, integrals, matrices, and 
various types of brackets. The MathType editor has the interface shown in 
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Fig. 2.3. The formula editor in MS Word 2010 is one of the versions of 
MathType and looks like this (Fig. 2.4). 

 

 
Figure 2.3 - MathType editor interface 

 

 
Figure 2.4 - The interface of the formula editor in MS Word 2010 
 
In MS Word, it is always possible to convert a formula created using 

MathType into a bmp format drawing. In this case, the comparison of 
formulas should be done as a comparison of figures, especially since the 
format of the formulas-images will be the same size (in the case of identical 
formulas). 

Chemical formulas writing editors. In addition to the usual 
mathematical formulas, some scientific publications may contain chemical 
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formulas. To work with such documents, it is sometimes impossible to use 
only general-purpose text or graphic editors. Editing texts containing 
chemical terms and formulas require the use of specialized software tools. 

The LibreOffice Math editor is the most commonly used editor for 
writing chemical formulas by authors. Chemical formulas are usually built 
in a live image. In the case of using Writer, chemical formulas are processed 
as objects of a text document, which facilitates their further comparison in 
scientific texts. 

Developers from Microsoft Research and the Unilever Center 
presented new extensions for MS Office: the Chem4Word editor, which 
allows you to add and edit chemical formulas in documents created using 
Word, Excel and PowerPoint. Chemical formula editor software supporting 
MS Word 2007 and MS Word 2010 is distributed free of charge. 
Chem4Word editor allows you to use specific symbols, labels and insert 
them into editable documents, chemical formulas, and images. 

Table 2.1 shows an example of marking up formulas in the 
LibreOffice Math editor.  

Editing of texts containing complex chemical information, as well as 
the creation and preservation of chemical structural formulas and schemes 
of chemical reactions, are sometimes carried out using a specialized 
chemical editor Symyx Draw [62]. The editor's documents can be included 
in the Word document or placed in separate graphic files. In the latter case, 
chemical formulas created in Symyx Draw can be stored in one of the 
common graphic formats (bmp, gif, etc.). 

 
Table 2.1. 

An example of marking up chemical formulas in the LibreOffice Math editor 
Objects Formula Markup 
Molecules 

H2SO4 
H_2 SO_4 (a gap between elements is 

required) 
Isotopes  U lsub 92 lsup 238 

Jonah  SO_4^{2-{}} або SO_4^{2"-"} 
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Comparison of formulas using templates. Searching by formulas is 
much more difficult than searching by text (for example, the formulas x2 
and a2 are identical by the template, but they differ by the names of the 
variables). 

If formulas are stored as a MathType object, it makes sense to use 
pattern matching (Figure 2.5). 

 
Figure 2.5 - Template for comparing formulas 

 
Thus, it will be possible to first compare templates, and then the 

names of variables. It should be noted that some mathematical and physical 
quantities have stable common designations, therefore, the context in which 
the formula is used should be taken into account. Usually, explanations for 
formulas are given in the paragraphs before or after the formula. Therefore, 
for different industries, it is necessary to create dictionaries with the 
definition of quantities and their designations. For example, current strength 
is denoted as I, probability - P, etc. 

Documentation standards set the rules for formulas and explanations 
to them: 

 the designation of symbols and numerical coefficients included in the 
formulas must be presented directly under the formula; 

 each designation is presented on a new line without a paragraph, 
observing the sequence in which they are placed in the formula; 

 the first line of the decryption must begin with the word "where" 
without a colon after it. A comma is placed after the formula (before the 
word "where"). 

Comparison of formulas using converters. A promising direction of 
automated analysis of mathematical formulas is the creation of converters of 
formulas from different formats (TeX, Equation, MathType) into the 
canonical XML / MathML format [62]. Such converters should be formed 
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in the form of online services available both to users and to systems that use 
mathematical formulas. 

Traditionally, to create mathematical texts, the MS Word editor is 
actively used, which has specific capabilities for constructing formulas. It is 
more familiar to users than the classical system for working with 
mathematical texts (La) Tex, since it does not require the installation of 
additional software. The polygraphic quality of mathematical formulas in 
MS Word is worse than in the TECH system. 

Another problem is the closed nature of Microsoft formats. This is due 
to the limited use of Word-formats for publishing information on the 
Internet - you have to convert text to html, and usually MS Word uses an 
outdated method of converting formulas to raster graphics (for example, to 
gif-format) during this conversion. 

The presence of different standards for the presentation of 
mathematical and natural science texts causes certain difficulties in solving 
the problem of comparing mathematical formulas in documents. The use of 
several standards in dissertations, periodicals, conference proceedings, 
scientific monographs leads to the fact that the information environment is 
filled with documents presented in incompatible formats. This leads to a 
deterioration in the integrity of the information environment and contributes 
to the emergence of problems with the use of texts in different 
representations. 

A promising approach to working with natural science texts is the 
development and use of special dialects (dictionaries) XML. MathML 
(Mathematical Markup Language) [54] is considered to be the conventional 
standard for constructing mathematical formulas in the Web environment 
and placing mathematical texts in it. This language is a subset of the 
eXtensible Markup Language, which is often used to create other languages. 
This use of XML works well when the use of HTML to convey new types 
of data is constrained by consistency in the specifics of their formats. 

The most common XML-based markup languages include: 
 Wireless Markup Language (WML): data format for wireless devices 

using the WAP protocol (mobile phones); 
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Synchronized Multimedia Integration Language (SMIL): Specifies 
temporal markup, appearance, etc. for multimedia presentations, determines 
the display sequence of multimedia files; 

Scalable Vector Graphics (SVG): used to describe two-dimensional 
vector graphics; 

 Chemical Markup Language (CML): Used to describe chemical 
formulas. 

Together with specifications related to the task of standardizing the 
structure of texts (for example, DocBook), MathML is able to form a 
canonical format for the presentation of natural science texts using logical-
level markup and allowing translation to any classical or non-standard 
format oriented to the external presentation of documents. However, it 
should be noted that the MathML language was created with the aim of 
using it to build a communication chain and automate the work of services. 
Therefore, it is not focused on direct use due to its complexity. To generate 
MathML codes, you must use WYSIWYG editors or converters from other 
systems for constructing mathematical texts. In particular, it is advisable to 
develop a program for converting formulas from Microsoft Word 
documents, created using the formula editor Microsoft Equation Editor 3.0 
and MathType 5.0 into MathML format with optimization for viewing in 
various Internet browsers. The implementation of such an application can be 
carried out in the VBA or Java languages and based on the extraction of 
formula structures from RTF files. 

The use of Java allows translating formulas regardless of the specific 
MS Word editor. For example, you can use the Equation Editor as a 
WYSIWYG editor that generates MathML code, and also allows you to 
translate previously created mathematical texts into a standard format. This 
technology for translating mathematical formulas based on processing RTF 
files, implemented as an online service, is applicable for translating 
formulas from Microsoft Office documents to various formats, including 
TeX. 

Tasks set by the W3C working group on mathematics when creating 
MathML: providing coding of materials of a mathematical nature for 
communications of all levels of educational and scientific type; providing 
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coding of both mathematical symbols and their meanings; support for 
creating templates and other mathematical editing tools; providing 
transformations to other mathematical formats, both purely presentation and 
semantic in nature. 

Support for converting math formulas with LaTech markup to HTML 
representation can be done using the Pandoc converter software. To enter 
mathematics into HTML, special converters based on MathML, Java-Script, 
online services can be used, the code of which is entered into the converted 
HTML file. 

Hybrid formula comparison scheme. The proposed hybrid scheme for 
comparing formulas checks the originality of a formula object analyzed both 
by Internet sources and by its own databases of texts with formulas (articles, 
dissertations, term papers, diploma and master's theses, etc.). Sources 
containing formulas can be stored both in the form of full texts required to 
assess the nature of the similarities (based on the results of verification), and 
in the form of a special search index required to check the coincidence of 
the texts and the source base. 

Suppose that according to one of the available text search systems 
(without taking into account the possible proximity of the formulas 
available there), which are close (according to modern criteria for the 
proximity of texts or their fragments), a limited set (A) of objects was 
formed with a high degree of similarity to a text object with formulas , the 
originality of which is being analyzed. 

Consider the possible options for representing text objects with 
formulas related to the set A: 

a) formulas in texts are saved as a MathType object (option 1); 
b) objects are saved as text with graphic images of formulas (for 

example, in GIF or JPEG formats) (option 2); 
c) objects containing formulas are completely saved as documents in 

PDF format (option 3). 
In the first case (option 1), it is advisable to use pattern matching. 

Comparison algorithm: 
- templates of the analyzed formula objects are formed (templates X); 
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- templates of formulas are gradually formed from text objects with 
formulas belonging to the set A (templates Y); 

- a check is carried out for complete matches of the structure of 
templates X with templates Y (the procedure for such a check is trivial) and 
a class of templates Z is formed, corresponding to cases of complete 
coincidence according to the results of the check; 

- for templates X and Y with the same structure (i.e. templates from 
class Z), the identity of the variable names is checked; 

- in the presence of one or more formulas in the set Z that have full 
coincidence (both in templates and in the corresponding names of variables) 
with the analyzed formula objects, the presence of links in text fragments is 
checked; 

- in the absence of links to the primary source, for cases of complete 
coincidence (both by templates and by the corresponding names of 
variables), fragments (pages) with the same formulas (in the primary source 
and the source checked for plagiarism) are automatically entered into the 
electronic form "Indication the possibilities of formulaic plagiarism ", 
created for each considered object. 

Option 1 also provides the ability to detect overlapping formulas. Note 
that the MathType editor contains a translator of formulas and mathematical 
expressions in MathML format. 

If it is necessary to analyze and compare objects saved in the form of 
text with graphic images of formulas (option 2), the technology 
implemented in the Infty program is applicable [63]. This program allows 
you to reduce the task of option 2 to the traditional approach of working 
with scanned documents. It uses Optical Character Recognition (OCR) 
technology and applies structural analysis to the result. While this 
technology recognizes complex mathematical formulas in a document, it 
ignores other textual information. Using the Infty program when 
recognizing mathematical formulas from raster graphic images allows them 
to be represented in the MathML language and, if necessary, converted into 
text. 

The work [62] presents the results of research into the automation of 
the process of decomposition of formulas written in the MathML language, 
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followed by a software implementation of their transformation into a textual 
description. The search for formulas in the text is based on the improved 
syntax tree transformation method and the keyword search method. The 
module developed by the authors [62] finds mathematical formulas in the 
document according to the search mask. Math formulas in an HTML / 
XHTML document start with the <math> tag and end with the </math> tag. 
As a result, all tags between the two are highlighted. Thus, a mathematical 
formula written in the language of mathematical markup MathML, in 
accordance with the method of transformation of the syntax tree and the 
developed rules, turns into a text description and is written into the text of 
the document. 

The module for converting formulas into textual descriptions provides 
a search for mathematical formulas and special characters in the text in 
accordance with the developed rules. To transform MathML into text, the 
syntax tree transformation model is used [64]. 

Analyzing documents containing mathematical formulas in PDF 
format (option 3) is still a difficult and incompletely solved problem. 
Currently, recognition of complex mathematical formulas from PDF-images 
is possible only with significant inaccuracies in the transfer of the formula 
content. Infty can be used to analyze both graphical and textual information 
contained in a PDF document. For this, a two-level analyzer of the content 
and structure of mathematical formulas with their writing in the MathML 
language is used, developed by the authors [62]. 

Note that the versatility of the representation of text objects with 
formulas belonging to the set A (options 1, 2 and 3) confirms the feasibility 
of developing a hybrid method that converts formulas of various formats 
(MathType, TeX, LaTex, JPEG, PDF, etc.) to the unified format of the 
mathematical markup language MathML. 

In general, the analysis of similarities and the detection of complete or 
partial duplication of formulas can be carried out according to the following 
scheme: 

- scanning the formula from the relevant information source (printed 
article, electronic document, image, etc.); 
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- recognition of the scanned formula and its presentation in the 
MathML language. Recognition of a formula or graphic image occurs using 
the Infty program (among the tools for converting a TeX document into the 
MathML language, the TtM program developed by I. Hutchinson [65] is 
considered the best. It converts a TeX document into an XHTML file, which 
includes MathML formulas As a result, a file with the * .mml extension is 
generated, in which the formula is written; 

- analysis of the compared files of formulas in order to identify their 
complete or partial duplication; 

- recording the result of the analysis in the electronic form "Indication 
of the possibility of formula plagiarism", created for each analyzed object. 

According to this scheme, the following variants of its implementation 
can be distinguished at the stage of converting mathematical formulas in 
different formats into the mathematical markup language MathML 
(depending on the presentation formats of the analyzed formulas) [66]: 

1. * .doc → “GrindEQ Math” → TeX → Teacode LaTex → MathML: 
using the GrindEQ Math Utilities plugin and the Teacode LaTex online 
service to MathML a set of formulas written in the format of a Microsoft 
Word text document; 

2. MathType → MathML: transformation into MathML of a set of 
formulas written by means of MathType; 

3. * .html → visualization of graphic objects → JPG, PNG, GIF → 
Infty → MathML: converting a set of formulas written as graphic objects of 
a web page * .html into MathML using the Infty program; 

4. * .pdf → Infty → MathML: Convert a set of formulas written in 
Adobe Reader * .pdf format to MathML using the Infty character 
recognition program. 

5. LaTex → Pandoc → MathML: converting a set of formulas written 
using LaTex into MathML. 

For option 1, it may be sufficient to apply pattern matching and the 
corresponding algorithm above. If it is necessary to refine the analysis, a 
scheme with the transformation into the MathML language of formulas 
written by means of MathType can be additionally applied in this variant. 
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Thus, the analysis of the available means of constructing formulas 
using modern editors and methods for comparing formulas in scientific texts 
made it possible to develop an approach to identifying full or partial formula 
duplicates in publications, term papers, thesis projects or master's theses. 
The proposed hybrid scheme for comparing formulas checks the originality 
of a formula object, which is analyzed both by Internet sources and by its 
own textbases with formulas. The scheme provides the ability to analyze 
similarities and identify complete or partial duplication of formulas both 
using the analyzed templates of formula objects, and using the conversion of 
mathematical formulas in various formats to the universal markup language 
MathML. 

The results obtained can be used to expand the functionality of 
existing systems for detecting plagiarism in scientific texts containing 
formula objects. 

In addition to formulas and images, an electronic document can 
contain diagrams and diagrams, for the analysis of which specific methods 
are used. 

Analysis of the spatial structure of circuits. The proposed approach 
assumes at the first stage of the analysis of schemes of algorithms and 
diagrams according to their spatial topology, i.e. by the peculiarities of the 
structure of connections between the nodes of a diagram or diagram [67]. 
The system for the automated analysis of the spatial structure of circuits 
carries out their processing, which implies the implementation of filtering 
operations, analysis of structural elements of circuits, the formation of a 
circuit description, visualization, segmentation and coding of the obtained 
data on the analyzed objects. The generalized block diagram of the system is 
shown in Fig. 2.6. 

The system receives a diagram from the analyzed text document as 
input. Depending on the quality of the image and the saturation of the 
scheme, its preliminary centroid filtering is carried out in order to remove 
random noise (extra points that are not part of the information about the 
structural elements of the image), after which the main elements are 
highlighted. Further, centroid relaxation is implemented, which allows you 
to select the curved lines, angles, circles, and other closed figures available 
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on the diagram, to determine their geometric characteristics to describe the 
spatial structure of the diagram. After relaxation, the processed image enters 
a linear segmentation subsystem designed to process ordinary lines that 
form nodes and segments. The segmented lines and nodes are encoded for 
the subsequent encoded representation of the segment scheme. At the same 
time, the segmentation results can be used to visualize and graphically 
represent the circuit description. 

Let us consider in more detail the individual blocks of the system for 
the automated analysis of the spatial structure of circuits. The central 
element of this system is a linear segmentation subsystem, the main function 
of which is to automate the procedure for finding lines and nodes in a raster 
image, followed by a coded representation of the segment diagram. The 
block diagram of the linear segmentation subsystem is shown in Fig. 2.7. 

 

 
 

Figure 2.6 - System for analyzing the spatial structure of circuits 
 
This subsystem uses the following data structures: 

a) the format of the input array of image points: 

Scheme Filtration Description of the spatial 
structure of the system 

Linear 
segmentation 

Coding 

Segment 
Diagram 
Coded 

Description of 
segmented 
lines and 

Visualization 

Graphical 
Representation 
of Schematic 
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b) 

 

11 12 1m

21 22 2m

n1 n2 nm

a a ... a
a a ... a
... ... ... ...
a a ... a

, (2.1)

 
where is an element of an array of points corresponding to a point in 

the image with coordinates and taking a value of 0 or 1; i = 1,2, ..., m; j = 
1,2, ..., n. 

b) the format for describing line segments:   

 

1 11, 11 12 12 13 13

2 21, 21 22 22 23 23

k k1, k1 k2 k2 k3 k3

n : x y [x , y [x , y ]]
n : x y [x , y [x , y ]]
...
n : x y [x , y [x , y ]]

,     

where in  – number of the i-th line segment; i1x , i1y  – coordinates of 

the first point of the i-th line segment; i2x , i2y  – coordinates of the second 

point of the i-th line segment (indicated if the point ( i2x , i2y )is a node); 

i3x , i3y  – coordinates of the direction of encoding from a point ( 1ix , 1iy ) 

(are indicated if points ( i1x , i1y ) и ( i2x , i2y )are nodes). 

 
 

Figure 2.7 - The structure of the linear segmentation subsystem 

Spatial structure of the 
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Nodes Search  
 

Segment description 
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and segments 

Array of node 
descriptions 

Segment search 

Coded schema 
representation 



49               ISBN 978-601-08-1675-6 

 

Algorithms for finding nodes and segments. The node search 
procedure is used to determine, within the processed blueprint, which are 
areas of intersection of lines (closed shapes). This procedure involves 
traversing an array of points of the circuit with the formation of an array of 
node elements, determining the coordinates of the center of the nodes and 
the total number of nodes. In this case, the elements are numbered in the 
array of nodes, which makes it possible to determine which of the nodes a 
particular point belongs to. The data obtained as a result of this procedure is 
used to find line segments, encode lines and determine the coordinates of 
the segments for their graphical representation. The input information for 
the node search procedure is an array of points from a file. The size of this 
array corresponds to the size of the schematic image. The initial information 
for this procedure is an array of circuit nodes with an indication of the 
number of each node for their subsequent identification. The input of the 
procedure is a schematic filtered image from the analyzed text document in 
the form of an array of points, each element of which can take on the values 
0 or 1 (in the absence or presence of a point, respectively). Thus, the 
structural elements of the schematic image are formed as a set of points with 
a value of 1. Each image unit in the array corresponds to an element of the 
array of nodes, the value of which is formed as follows: 

- if the value of an element is less than zero, then this element has not 
yet been processed (this is necessary when traversing an array of points to 
exclude repeated processing of elements); 

- if the element value is zero, then none of the nodes corresponds to 
this element and the corresponding point in the array of points does not 
belong to the node 

- if the element value is greater than zero, then it corresponds to the 
number of the node to which the analyzed point belongs. 

In the general case, the image contains lines of unit thickness, i.e. each 
point of a separate line can have no more than two adjacent points, 
simultaneously defining the direction of the line movement. A line of unit 
thickness can be described as follows: 

k kS(x , y ) {1,2}= ,                 



CHAPTER 2 50 
 

where is the number of points in the line; ( kx , ky ) – point coordinates 

ka ; k kS(x , y ) – number of neighbors with ka  points, k 1, N= . 

Number of neighbors with ka  points can be defined as follows: 

  
1 1

k k k k k k
i 1 j 1

S(x , y ) C[x i, y j] C[x , y ]
=− =−

= + + −∑∑ ,  

where k kC[x , y ]  – an array of points of the input image. 

For the considered version of the description, the start and end points 
of the line have only one adjacent point, which uniquely determines the 
direction of the line movement. All other points of the line have two 
adjacent points (the previous and the next). This avoids redundant 
information to describe the line. Images containing lines of this type can be 
obtained at the pre-filtering stage. Under such conditions, points that have 
more than two adjacent ones are nodal and are considered as entry points of 
the line in the area of intersection of lines (closed shapes). This can be 
displayed as follows: 

   [ ] {n, S(x, y) 2,x, y 0, S ) 2B (x, y
>= ≤                          

where [ ]B x, y  – array of anchor points for image size M N× ; n  – 

the number of the node being processed. 
The search for nodal parts involves sequential consideration of parts 

of an array of points. However, when lines intersect, points adjacent to a 
node may have more than two adjacent points. This ambiguity can be 
prevented by determining the center of the node, the coordinates of which 
should be obtained as the arithmetic mean of all points belonging to the 
node. Note that two points are considered to belong to the same node if 
there is a continuous path from the connecting points of this node. 

The node search algorithm is implemented as a software module "SN 
(search nodes)": 

1. Start; 
2. Initializing an array of nodes; 
3. i=0; j=0; z=0; 
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4. If j> = N, then go to item 11; 
5. If i> = M, then go to item 10; 
6. If (apix [i] [j] = 1) and (apix2 [i] [j] <0) and (NC (i, j)> 2), go to 

item 7, otherwise to item 9;7. z=z+1; 
8. NS(i,j,z); 
9. i=i+1; go to item 5; 
10. i=0; j=j+1; go to item 4; 
11. End. 
In the given algorithm, the following designations are used: M, N - 

dimensions of the input image (diagrams / diagrams); (apix [i] [j], apix2 [i] 
[j] - arrays of points and nodes, respectively; NC (neig count) - function for 
calculating the number of neighboring points; NS - function for finding 
nodes; - number of the current node. 

The segment search procedure is used to determine line segments 
within the processed scheme based on the results of the preliminary node 
search procedure and the selection of structural image elements (schemes / 
diagrams). This allows you to get a description of the circuit, the image of 
which is further encoded and processed in the analysis system. The linear 
segmentation procedure involves the following operations: 

- search for individual line segments that do not contain nodes; 
- search for line segments, one of the starting or ending points of 

which is a node; 
- search for line segments, the start and end points of which are nodes. 
In this case, the features associated with various characteristics of the 

structural elements of the graphic image are used. The formation of 
processing results is determined by the way they are transmitted to other 
blocks of the system (most often, using chain coding). For example, in the 
case of describing line segments completely bounded by nodes, it becomes 
necessary to transmit an additional coordinate to unambiguously determine 
the direction of movement when forming a chain code. 

The input data of this procedure are: an input array of image points; an 
array of nodes containing a description of anchor points (their areas, centers 
and their numbering for unique identification). 
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The search for line segments is carried out on the assumption of their 
unit thickness (lines of this type can be obtained at the stage of preliminary 
filtration). This procedure involves traversing an array of circuit points and 
analyzing their possible belonging to arrays of node elements, which makes 
it possible to determine to which line segment a particular point belongs. 
Each image unit in the array corresponds to an element of the array of 
segments, the value of which is formed as follows: 

- if the value of an element is less than zero, then this element has not 
yet been processed (this is necessary when traversing an array of points to 
exclude repeated processing of elements); 

- if the element value is equal to zero, then none of the line segments 
corresponds to this element and the corresponding point in the array of 
points does not belong to these segments; 

- if the element value is greater than zero, then it corresponds to the 
number of the line segment to which the analyzed point belongs. 

It can be described as follows:  [ ] {n, S(x, y) 3D x, y 0, S(x, y) 3
<= ≥ , 

x 1,M= , y 1, N= ,  

where (x, y)  – point coordinates; D  – segment array; n  – the 

number of the processed segment. 
The segment search algorithm is implemented as a program module 

"SS (search segs)": 
1. Start; 
2. Initializing an array of segments; 
3. i=0; j=0; ; nsegs =0; 
4. If j> = N, then go to item 11; 
5. If i> = M, then go to step 10; 
6. If (apix [i] [j] = 1) and (apix1 [i] [j] <0) and (NC (i, j) = 1) or (NC 

(i, j) = 2), go to n .7, otherwise to item 9; 
7. nsegs = nsegs +1; 
8. NL(i,j, nsegs); 
9. i=i+1; go to item 5; 
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10. i=0; j=j+1; go to item.4; 
11. End. 
In the given algorithm, the following designations are used: M, N - 

dimensions of the input image (diagram / diagram) horizontally and 
vertically; (apix [i] [j], apix1 [i] [j] - arrays of points and segments, 
respectively; NC (neig count) - function for calculating the number of 
neighboring points; NS (neig line) - function for processing points of one 
line segment; nsegs - current segment number. 

Segment encoding algorithm. The segment coding procedure is used 
to generate codes of three types of line segments based on the results of a 
preliminary search for line segments and nodes. In this case, the following 
types of line segments are processed: segments without nodes; segments, 
one of the extreme points of which is a node; segments, both endpoints of 
which are nodes. The input data of this procedure are: an input array of 
image points; an array of nodes containing a description of the nodes (their 
areas, centers and their numbering for unique identification); an array of 
segments containing a description of line segments (points belonging to the 
line, coordinates of their intersection and numbering for unique 
identification). This procedure involves the search for the extreme points of 
the line segments, which determine the belonging of each of them to one of 
the three types discussed above. Based on the results of sequential traversal 
of the coordinates of image points with values in the arrays of segments and 
nodes, the type and coordinates of the processed segment, as well as the 
method of its encoding, are uniquely determined. The verification of the 
belonging of a certain point of the image to the segments is carried out as 
follows: if this point corresponds to a positive value in the array of 
segments, then it refers to the segment with the corresponding number. The 
belonging of a certain point of the image to nodes is checked in a similar 
way: if this point corresponds to a positive value in the array of nodes, it 
refers to the node with the corresponding number. 

In turn, comparing arrays allows us to draw the following conclusions: 
- if a point in the image corresponds to a positive value in the array of 

segments and a zero value in the array of nodes, then this point belongs to 
the segment and does not belong to the nodes; 
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- if a point has a positive value in the array of segments and a positive 
value in the array of nodes, then it belongs to more than one segment. 

When coding line segments, the type of segment is determined 
(according to a certain type, up to six coordinates of the points of the 
segment description are formed). 

The segment coding algorithm is implemented in the form of the "CS 
(code segs)" software module: 

1. Beginning; 
2. Initialization of arrays and variables; 
3. If the search for nodes is completed, then go to step 5, otherwise to 

step 4; 
4. Search for nodes (SN), go to step 3; 
5. If the search for segments is completed, then go to step 7, otherwise 

to step 6; 
6. Segment search (SS), go to step 5; 
7.i = 0; j = 0; lnum = 0; liden = 0; 
8. If j> = N, then go to item 15; 
9. If j> = M, then go to item 14; 
10. If (apix [i] [j] = 1) and (apix1 [i] [j] <0) and ((NC (i, j) = 1) or (NC 

(i, j) = 2)) , then go to item 11, otherwise to item 13; 
11.lnum = lnum +1; liden = liden + 1; 
12. LV (i, j, liden); 
13. i = i + 1; go to step 9; 
14. i = 0; j = j + 1; go to step 8; 
15. End. 
In the given algorithm, the following designations are used: lnum - 

serial number of the processed segment; liden - identifier of the processed 
segment in the array of segments; LV (line vect) - function for processing 
segment points and encoding its coordinates. 

Subsystem for comparing diagrams and diagrams in text documents 
The proposed method of analyzing and coding diagrams and diagrams is 
applicable for comparing graphic objects and their subsequent storage in the 
database of the system for detecting duplicate electronic documents. In the 
subsystem for comparing schemes and diagrams contained in text 
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documents, the above algorithms for analyzing the structure of graphic 
objects can be used. One of the functions of such a subsystem is to check 
the originality of a graphical object (including a diagram or UML diagram) 
both using Internet sources and its own databases. 

Suppose that, according to the use of one of the available text search 
systems (without taking into account the possible proximity of the schemes 
or diagrams available there), which are close according to modern criteria 
for the proximity of texts or their fragments, a limited set A was formed, 
consisting of objects with a high degree of similarity to the text object X 
with diagrams or diagrams, the originality of which is being analyzed. As 
noted above, there are various options for representing graphical objects 
included in documents from set A. However, it should be noted that only 
some of them are used in most diagrams and diagrams in text documents. 
As a rule, raster and vector image files have incompatible formats. 

Many applications are focused on their own "specific" formats, 
transferring their files to other programs forces you to use special filters or 
export images to a "standard" format. Taking into account the peculiarities 
of the proposed above method for analyzing and coding schemes and 
diagrams, we will focus on the options for representing text objects included 
in set A, when they contain graphic raster images of schemes and diagrams 
(for example, in GIF or JPEG formats). Such a representation is quite 
common in text electronic documents of a scientific nature. At the same 
time, there are software tools that, in some cases, allow you to convert 
diagrams and diagrams of other formats into a standard raster version. 

Consider the problem of comparing L schemes X1, X2, ..., XL from a 
text object X containing schemes or diagrams, the originality of which is 
analyzed and which has a high degree of similarity with the text objects of 
the set A. The algorithm for such a comparison is as follows: 

- schemes X1, X2, ..., XL are processed according to the considered 
algorithms of structural analysis, which make it possible to form their 
encoded representations X11, ..., XLL; 

- Similarly, coded representations of schemes are formed from those 
included in the set of text objects A (set of coded templates Y); 
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- complete matches of the structure X11, ..., XLL are checked with the 
coded templates Y (the procedure for such a test is trivial) and a class of 
templates Z is formed, corresponding to cases of complete coincidence 
according to the results of the test; 

- in the presence of one or more schemes in the set Z, which have 
complete structural coincidences with the schemes in document X, a check 
is carried out for the coincidence of text labels and explanations in the 
schemes; 

- in the absence of X references to the primary source in the document 
for cases of complete coincidence (both in the structure of the schemes and 
in the corresponding textual explanations), document X is automatically 
entered into the electronic form "Indication of the possibility of plagiarism 
of schemes", created for each analyzed object. 

For the considered algorithm, the possibility of detecting partial 
duplication of circuits can be provided. This algorithm can complement the 
general hypothetical procedure for a full automated analysis of the 
originality of a checked document, taking into account the similarities of 
text, formulas, images, tables, etc. 

The task of finding incomplete duplicates in tables is the process of 
identifying the tables that are most similar to each other. The similarity is 
expressed by the functionality that sets the distance between tables. If this 
distance does not exceed the threshold value, then the tables are considered 
similar, and therefore, the data of these tables contains incomplete 
duplicates.Можно выделить шесть различных типов контента, 
отображаемого в ячейках таблицы:  

 1. Numeric. In this case, only those numerical sets from the hierarchy 
of numbers are taken into account that do not contain letters in the notation 
of the number, as well as other designations (square root, slash, etc.). That 
is, all real numbers belong to this type. It should be noted that upon 
preliminary examination of the table, data of a numeric type with a decimal 
separator must be unified, that is, in all tables analyzed by the system for 
finding incomplete duplicates, the decimal separator must be either a period 
"." Or a comma ",". According to the international standard ISO 31-0, both a 
period and a comma can be used as decimal separators. 
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2. Text or lowercase. This type is a finite sequence of characters of a 
specific alphabet. 

3. Formula. This type is a graphic object created with a specific 
formula editor or markup language: MathType, KFormula, MathCastmula, 
TeX, MathML, etc. 

4. Date and time. This type displays a record containing day, month, 
and year (sometimes week number). According to international standards 
ISO 8601, two types of date recording are distinguished: year-month-day 
and year.month.number (for example, 2016-05-30 and 2016.05.30). 
According to the GOST P 6.30-2003 standard, it is allowed to write a 
day.month.year (for example, 05/30/2016). In the United States, the notation 
is month / day / year (for example, 5/30/2016). Also, for marking products, 
the entry year + week is used. All forms of date recording can be clearly 
defined, therefore, in the case of analyzing a table with cells of the date 
type, the formats should be reduced to the same type. 

5. Drawing in the form of a graphic object. 
6. Combined, containing several of the listed types at once. 
A regular table is a table with a finite number of rows and columns 

that does not contain grouping and concatenation of several cells into one, 
and each cell of which contains data of a certain type (numeric, row, date, 
formula). Tables are created using tabular editors, which are special 
computer programs for building, analyzing and storing data in tabular form. 
All spreadsheet editors work on the same principle: each cell can contain 
numerical, textual data or the results of calculations using formulas using 
the contents of other cells and standard mathematical, statistical and 
financial operations and functions. In addition to creating and editing tables, 
you can create diagrams and graphs in spreadsheet editors; tools are also 
available for using the created tables as databases. 

The most popular tools for creating and editing tables, which are also 
used when writing scientific papers: Microsoft Excel, Corel Quattro Pro, 
Lotus 1-2-3, Gnumeric, LibreOffice Calc (open sourse software), KSpread, 
etc. As practice shows, most tables in scientific articles and dissertations are 
drawn up using the Microsoft Excel editor. 
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The task of finding incomplete duplicates in tables is related to the 
task of finding incomplete duplicates in electronic documents. This is due to 
the fact that the text of scientific research results can consist of different 
types of content, like the content of a table: text data, numerical values, 
images, diagrams, mathematical formulas. 

So, the general conceptual model for determining incomplete 
duplicates of documents with different types of content is shown in Fig. 3.8. 
According to it, the duplicate detection procedure consists of three main 
stages: 

1. Definition of data types representing the content of the document. 
2. Construction of the canonical form and coding according to the 

method corresponding to the identified data type. 
3. Formation and verification of conditions for the presence of 

incomplete duplicates. At this stage, the similarity between the fragments of 
the input document and the documents included in the database is 
calculated. If the content of the document contains a certain type of data 
(numerical values, text data, mathematical formulas, diagrams, images), 
data of this type is extracted from the main document and are analyzed 
separately for the presence of incomplete duplicates. 

Some methods for detecting incomplete duplicates for data of 
different types and metrics for calculating similarities are given in [68-75] 

 
2.3. Verification of the combined method for identification of near-
duplicates in electronic scientific papers 

 
35 electronic scientific papers of the authors were selected to verify 

the method. Electronic scientific papers were divided into three groups in 
the areas of scientific research: scientometrics, antiplagiarism, monitoring 
of environmental pollution. Publications were checked using the Turnitin, 
Advego system and using the system that implements the method described 
in the work. All authors’ publications were indexed into the database of the 
system, but during verification, the publication that was being checked was 
excluded from the database. This is necessary for the correctness of the 
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check. The database of the system included publications, full texts of which 
were obtained from the Vernadsky National Library of Ukraine [76].  

The comparison of the uniqueness of scientific papers was made by 
the Turnitin, Advego services, and using a system that implements the 
combined method for identifying near-duplicates for each group of 
publications corresponding to the relevant direction of research. Since the 
Advego service has a free verification limit of 3,000 characters, the 
document was divided into parts. The general uniqueness of an electronic 
scientific paper was calculated taking into consideration the degree of 
uniqueness of each of the parts. The test system was checked in two 
versions: checking a text only (option 1), checking a text and other objects 
(images, formulas, tables, etc.) (option 2). Table 1 shows average degrees 
of uniqueness obtained as a result of checking the test set of electronic 
scientific papers in three groups by the direction of scientific research 
(group 1 – scientometrics, group 2 – antiplagiarism, group 3 – 
environmental monitoring). According to the results of identification of 
nearduplicates in 35 electronic scientific papers, according to the devised 
system of using the combined method according to option 1, it was possible 
to detect by 3.4 % more borrowings than by the method of identification of 
text borrowings (option 2). 

Since electronic scientific papers contain the content of different 
types: text numerical data, formulas, images, in particular, schemes and 
diagrams, the methods for the identification of near-duplicates in the 
content of each of the data types were used separately to implement the 
combined method. For text data, the method of locally sensitive hashing 
with finding the Hamming distance between the elements of electronic 
scientific papers indexes was used. For numerical data, the method for 
constructing a sub-sequence for each scientific paper with determining the 
proximity between the vectors consisting of the numbers of these sub-
sequences was used. To compare mathematical formulas, the method for 
comparing samples of formulas was used. To identify near-duplicates in 
graphic information, two directions were used: finding key points in the 
image and applying locally sensitive hashing for separate pixels in the 
image. Each of these methods is effective enough to identify near-
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duplicates in the content of the same type, respectively, these methods can 
be used to implement the combined method. The devised algorithm of the 
combined method for the identification of near-duplicates made it possible 
to implement the test system. Using this system, this method was verified 
on a set of 35 electronic scientific papers of authors containing the content 
of various types. The results of the verification are included in Table 2.2. 
The degree of borrowing for Table 1 is explained by the fact that the 
authors are working on scientific projects, in which the articles that were 
checked, are in the cycle of scientific publications. Accordingly, each 
subsequent publication relies on the results obtained in the previous one and 
contains an abridged description of the results obtained in the past. The 
Advego service searches the Internet and does not find some sources that 
were not indexed by search engines. The system in option 2 finds more 
borrowings mostly through identified near-duplicates in mathematical 
formulas. Accordingly, the percentage of uniqueness decreases. Unlike the 
methods for identifying near-duplicates in the content of the same type (for 
example, text data), the combined method for identification determines 
borrowings in the content of different types. This is important because 
electronic scientific papers usually contain data of different types: text, 
formulas, tables, images, etc. The construction of the combined method 
becomes possible due to the use of a unified approach to the indexing of 
various types of data, representing the content of electronic scientific 
papers. To apply the developed method in practice, it is necessary to index 
a large volume of electronic scientific papers from various fields. There is a 
dependence of the results of the combined method for the identification of 
near-duplicates on the database of indexed scientific papers. The indexing 
process has computational complexity, which is a certain limitation on the 
application of this method in practice. The components of the combined 
method can include other methods that are not considered in this work. This 
requires separate research. 

The principle that underlies it is described in article [77]. 
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Table 2.2 
Comparison of the combined method for identifying near-duplicates 

with the methods used by Turnitin and Advego services 
Groups 
of 
publicati
ons 

Numbe
r of 
publicat
ions 

Average 
volume 
(number 
of 
words) 

Average 
degree of 
uniquene
ss 
(Turnitin) 

Averag
e 
degree 
of 
unique
ness 
(Adveg
o) 

Average 
degree of 
uniqueness 
(Test 
system, 
option 1) 

Average 
degree of 
uniqueness 
(Test 
system, 
option 2) 

Group 1 19 2757 78 94 81.8 77.8 
Group 2 11 2598 73 92 78.1 75.7 
Group 3 5 2390 77 100 79.6 76.2 
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DETECTION OF NEAR DUBLICATES IN TABLES BASED 
ON THE LOCALITY-SENSITIVE HASHING METHOD AND 
THE NEAREST NEIGHBOR METHOD 

 
 
 
3.1. Literature review and problem statement 
 

A table is understood as an arrangement of various types of data in 
rows and columns, or in the form of a more complex structure. Tabular 
presentation of information is widely used in scientific research, when 
presenting results of data analysis of considerable volume, etc. The look of 
tables varies considerably by structure, flexibility, and designation and is 
different from the feature of content that should be represented in them. A 
peculiarity of tables in technical and scientific publications is that they are 
usually separated from the main text in a separate block that has numbering 
and name [68]. In the classic sense, a table is considered to be the context 
for reading [69], tables are also an integral part of information systems for 
data processing [78]. Authors [79] regard a tabular representation of data to 
be one of the steps of the process of their mapping and visualization. 

In general, a table consists of orderly arranged rows and columns. The 
term "row" can be defined also as vector, record or tuple. The usual term 
"column" is often interpreted as field, attribute or property that has a 
specified title or a name. This name may a priori consist of a word or a 
sequence of words, be presented by numeric values, a formula (formulas), or 
a date. The intersection of the particular row and column defines a cell, 
which is filled with content. In general, the presentation of tables is very 
diverse: elements of the tables can be grouped according to certain 
attributes, split into segments, nested with varying degrees of nesting, 
contain annotations, objects of the type of formula, date, etc. 

In the case of hiding plagiarism, the original table can be relatively 
easily modified: lines and columns transposed, headings and field names 
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changed. Also, if we speak about abusive borrowing, then the table data can 
be essentially modified. For example, if the original table contains results of 
the numerical experiment, then in the borrowing these numeric data may be 
deliberately changed. An example of certain original table is indicated in 
Table 3.1 versus its modification in Table 3.2. All this considerably 
complicates comparing tables for the identification of near-duplicates. 

 
Table 3.1 

Example of original table 
Company name Income Number of employees 

Corporation TechBud  225 750 560 
New Company 785 960 1220 
Alpha-Bud 895 975 1150 

 
Table 3.2 

Example of the modification of original table 
Company Number of employees In. 

Alpha-Bud 1150 895 975 
Corp. TechBud  560 225 750 
N.Company 1220 785 960 

 
The task of finding near-duplicate detection (NDD) is a traditional task 

of intelligent text analysis. In particular, for detecting similarities and near-
duplicates in text data, the algorithm of calculating the Levenshtein distance 
is used [72], which are string metrics that allow the computation of the 
difference between two sequences of characters. Also for finding a 
substring, in the text similar to the assigned sample, the Bitap algorithm 
with the Wu-Manber modifications is used [73]. The distances between 
lines in this case are defined in terms of the Levenshtein distance. For the 
problem on finding near-duplicates, the BK-tree algorithm is also applied 
[75, 80], which consists in the construction of a metric tree for discrete 
metric spaces. This algorithm may be used to identify similar lines with 
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regard to the dictionary. Paper [55] proposes to detect material suspicious of 
plagiarism on the basis of similarities analysis. The search methods for near-
duplicates, based on locally-sensitive hashing, are considered in article [81]. 
Paper [82] presented mathematical formalization for the problem on 
searching for near duplicates in text data. Article [83] demonstrated a 
comparison of different methods of finding near-duplicates by the average 
time of algorithms operation and by the quantity of found words. The 
problem of finding near duplicates in numerical data is related to the 
identification of similarities in the time series based on the comparison to 
the sample using the method of nearest neighbors with assigned metric [84, 
85]. Paper [86] proposes a system based on finding the samples and their 
comparison. Article [87] considers textural features that correspond to the 
visual perception of humans for the digital analysis of textures, as well as 
the recognition of graphic information. Paper [88] examines comparative 
analysis of different methods of image recognition. Article [89] describes a 
system that searches for keywords and frames, taking into account the 
feedback when processing images. Since the table can present text, graphic, 
and numeric data, then the reviewed publications may come in handy when 
detecting near-duplicates in tables. At present, however, there is no clearly 
substantiated method to compare tables with regard to different ways of 
their representation. 

The task of finding near-duplicates in tables is a process of 
identification of such tables that are most similar to each other. The 
similarity, in this case, is expressed by certain functional F that assigns 
distance between the tables. If this distance does not exceed some numerical 
threshold value, then the tables are considered to be similar, hence, the data 
in these tables contain near-duplicates. 

The present article addresses the problem of detecting near-duplicates 
in the tables that represent results of experimental scientific research and are 
presented in the texts of thesis and diploma papers, scientific publications, 
etc. Since the data in these tables can be represented by different types, then 
the traditional methods for the identification of similarities in such data 
should be replaced with comprehensive or hybrid methods. 
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The purpose of the present study is to build a table analysis algorithm 
for the detection of similarities in them and to construct a hybrid method for 
the detection of near-duplicates in tables based on the methods of locality-
sensitive hashing and nearest neighbors. 

To achieve the purpose, it was necessary to solve the following tasks: 
– determining the types and the classification of data representation in 

a tabular form; 
– performing the indexing of the table content; 
– construction of a hybrid method for the detection of near-duplicates 

in tables based on finding near duplicates in text data and a model for the 
identification of similarities in numerical data based on the nearest neighbor 
method. 

 
3.2. The types of data that are represented in table cells and the model 
of indexing the table data 

 
We may distinguish six different types of data represented in table 

cells: 
1. Numeric type. In this case, only those numeric sets from the 

hierarchy of numbers are taken into account, which does not contain letters 
in a number record, as well as other symbols (root square, slash, etc.). That 
is, in this type we shall include all real numbers ℝ, ℕ⊂ℤ⊂ℝ. It should be 
noted that during the preliminary examination of the table, data of the 
numeric type with decimal separator should be unified, that is, in all tables 
that are analyzed by the system for finding near-duplicates, a decimal 
separator must be in the form of a full stop «.», or a comma «,». According 
to the ISO 31–0 international standard, both a full stop and a comma may be 
used as the decimal separator. 

2. Text or string type. This type is represented by a finite sequence of 
symbols from a particular alphabet. 

3. Formula type. This type is a graphic object that was created by 
using a certain markup language or equation editor: MathType, KFormula, 
MathCastmula, TeX, MathML, etc. 
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4. Date and time type. This type represents a record that includes a 
day, a month and year, sometimes a week number. According to the ISO 
8601 international standards, there are two types of recording a date: year-
month-day and year.month.day (for example, 2016–05–30 and 2016.05.30). 
According to the GOST P 6.30–2003 standard, it is allowed using the record 
day. month. year (for example, 30.05.2016). In the USA they use the record 
month/day/year (for example, 5/30/2016). For labeling, the record 
year+week is used (for example, 1623). All forms of recording dates can be 
clearly defined, thus, in the case of considering a table with cells of the date 
type, formats should be brought to the same type. 

5. Picture type that is represented in the form of a graphic object. 
6. A combined type, which includes several of the listed types at a 

time. 
Let us consider the known types of a tabular representation of 

information. An ordinary table is the table with a finite number of lines and 
columns that contains no grouping and merging multiple cells into one cell 
and each cell of the table contains data of the specified type (numeric, 
string, date type, formula). A multidimensional table is the table in which 
data are normalized and arranged in a specified hierarchy. An example is the 
multiplication table. 

Tables are created using spreadsheet editors that are special computer 
programs for the construction, analysis and storage of data in a tabular form. 
All tabular editors operate by a uniform principle: each cell may contain 
numbers, text data or results of formula work using the contents of other 
cells and standard mathematical, statistical and financial operations and 
functions. In addition to creating and editing tables, a spreadsheet editor 
helps create charts and graphs, as well as there are tools to use compiled 
tables as databases. The most popular tools for creating and editing tables, 
which are used when writing scientific papers, are: Microsoft Excel, Corel 
Quattro Pro, Lotus 1–2–3, Gnumeric, LibreOffice Calc (open source 
software), KSpread, etc. [90]. As practice testifies, the vast majority of 
tables in the scientific articles and dissertational papers in Ukraine are 
compiled by using the Microsoft Excel software. 
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Assume that B is a certain input table, and { }1 2 pB B ,B , ,B=   are the 

table, selected from the text and stored in a general table database, p is the 
number of tables in the database. The task is to define such a set of tables 
 { }* * *

1 2 lB B ,B , ,B ,=   that B B,⊂  l<p, for which a condition is satisfied: 

 

( )*
iF B,B ,< λ  i 1,l,=    (3.1) 

 
where λ is the threshold value, and F is the distance between the 

tables. The existence in the base of at least one such table from set B,  for 
which condition (1) is satisfied, indicates that the table B was borrowed.  

Cell Kij of certain table B designates such element of the table, which 
is formed by the intersection of the i-th line and j-th column of this table. 

Content or cell data Kij of certain table B designates such value 
(numeric, text, date type, etc.) that corresponds to the given cell in the table. 

Let us designate the content of cell Kij through ( )ijCont K ,  1i 1, r ,=  

2j 1, r ,=  where r1 is the number of lines in table B, and r2 is the number of 
columns in table B. 

As defined in the previous paragraph, the cell content is limited by the 
following types: numeric, text, date type, picture, formula, combined type. 
If the table contains pictures and formulas, they are separated for different 
examination. The content of date type, upon bringing it to the unified 
format, may be regarded as a normal text string. Thus, by simplifying 
possible types of the content of cells, we can assume that the content of the 
table takes the form of deuce: 

 
B N,S ,=      (3.2) 

 
where N is the sequence of numeric data of cell of table B, and S is 

the sequence of text data from cells of table B.  
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Assume that { }1I 1,2, , r=   is the set of indexes or numbers of table 

rows, and { }2J 1,2, , r=  is the set of indexes or numbers of columns in 

table B. Let us check all cells of the table and define the type of their data. If 
data of a certain cell belongs to a numeric type, the relevant content is 
represented as an element of set N,  if – to the text type, then it is added to 
set S  by rule: 

 

( ){ }ijN k k Cont K , k ,i I, j J ,= ∈ ∈ ∈ ∈  (3.3) 

( ){ }ijS k k Cont K , k T,i I, j J= ∈ ∈ ∈ ∈ , (3.4) 

 
where T is the set of symbols of power L, ( )card T L :=   

{ }1 2 LT t , t , , t ,=   

ti is the separate symbol, i 1,L,=  it A,∈  A is the set of atomic 

symbols of formal language or an alphabet.  

Let us represent sets N  and S in the form of a numeric sequence and 
a sequence of lines in accordance with length v and w, that is  

{ }1 2 vN n ,n , ,n=   

– a sequence of numeric values of the contents of cells, 

( )v card N ,=  in N,∈  i 1,v,=  and  

{ }1 2 wS s ,s , ,s=   

is the sequence of lines of the contents of cells ( )w card S ,=  

js S,∈  j 1,w.=  

Let us consider a separate representation of these sequences in the 
form convenient for the application of models for the identification of 
similarities and search for near-duplicates. 
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Let us consider sequence { }1 2 wS s ,s , ,s .=   Each of its element 

contains a text that may consist of one or more words. Let us check 
successively all elements of the sequence from s1 to sw and select words 
from them. A word of arbitrary element of sequence S is assigned as 
sequence: 

 

{ }n 1 2S t , t , , t ,β
β=   

 
where n∈ℕ is the serial number of word, β is the length of word, 

jt A,∈  jt C,∉  j 1, ,= β   

{ }C "_",",","."," "," ",":",";","#"= −  

are all symbols of the elements of sequence S, which are not letters 

n jS s ,β ∈  { }j 1,2, ,w .∈    

Let us form a new sequence from all words of the elements of 
sequence S, excluding in advance from consideration the so-called stop 
words. A list of stop words will be assigned as set  

 

{ }M "and","or","etc."... .=  

 
Then the new sequence of words takes the form: 
 

{ }1 2 m
1 2 mW S ,S , ,S ,β β β=   

 

where jβ , j 1,m=  are the lengths of words, and m is their number. 

The elements of such sequences represent words in the canonized form.  
Using the sliding window method, let us build a set of sequences: 
 

{ }1 2 h
1 1 2 hE S ,S , ,S ,β β β=   
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{ }32 h 1
2 2 3 h 1E S ,S , ,S ,+ββ β

+=   

{ }m h 1 m h 2 m 1 m
m h 1 m h 1 m h 2 m 1 mE S ,S , ,S ,S ,− + − + −β β β β
− + − + − + −=   

 
where h is the size of window or a number of elements of the 

constructed sequences 1 2 m h 1E ,E , ,E .− +   

Next, by the locality-sensitive hashing method, we shall represent a 
set of sequences 

 

( ) ( )1 2 m h 1F W E ,E , ,E − +=   

 
in the form of bit strings, that is,  
 

( ) ( ) ( ) ( )( )1 2 m h 1W I E ,I E , , I E ,− +∆ =    (3.5) 

 
where I(Ek) is the index element that assigns the bit string that 

unequivocally represents sequence Ek, k 1,m h 1.= − +  That is,  
 

( ) { }k k1 k2 kcI E , , , ,= δ δ δ      (3.6) 

 

where { }kx 0,1 ,δ ∈  k 1,m h 1,= − +  x 1,c,=  c is the number of 

bits that represents the bit sequence.  
Let us consider numeric sequence { }1 2 vN n ,n , ,n=   of input table 

B and construct for it a set of sub sequences by the sliding window method, 
that is, 

 

{ }1 1 2 gK n ,n , ,n ,=   

{ }2 2 3 g 1K n ,n , ,n ,+=   

… 
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{ }v g 1 v g 1 v g 2 v 1 vK n ,n , ,n ,n ,− + − + − + −=   

 
where v is the number of elements in sequence N, and g is the size of 

window or the number of elements of sub sequences 1 2 v g 1K ,K , ,K .− +  

As the elements of the constructed sub sequences are valid numbers, ni∈ℝ, 

i 1,v,=  then these subsequences may appear to be g-dimensional vectors. 
That is, if one assumes that we assigned space ℝg that has an Euclidean 
structure, then it is possible to determine in this space metric ρ, between any 
two vectors of space a∈ℝg and b∈ℝg: ( )a,b .ρ  Moreover, this metric will 

satisfy the axiom of identity, that is,  
 

( )a,b 0 a b,ρ = ⇔ =  

 
the axiom of symmetry: ( ) ( )a,b b,aρ = ρ and triangle axiom and for 

certain vector c∈ℝg:  

( ) ( ) ( )a,c a,b b,c .ρ ≤ ρ + ρ  

 
This metric or measure of proximity (similarity) between such vectors 

that represent the numeric values of the tables’ contents, is integral, which 
will determine the degree of similarity of these tables. 
 
3.3 A hybrid method for detecting near-duplicates in tables 

 
According to the formulation of the problem, assume that B is the 

input table, and 1 2 pB ,B , ,B  are the tables selected and stored in a general 

tables database, p is the number of tables in the base. The task is to define 
such tables in the base, for which condition (3.1) is satisfied. 

Assume that we built a sequence of text data 
 

{ }1 2 wS s ,s , ,s=   
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and a sequence of numeric values  
 

{ }1 2 vN n ,n , ,n=   

for table B. Since the base with tables is already known, then it is 
obvious that each such table is indexed. That is, for each one of the tables 

1 2 pB ,B , ,B , the sequences of text data { }y y y y
1 2 wS s ,s , ,s=   and 

sequences of numeric data are known 
 

{ }y y y y
1 2 vN n ,n , ,n ,=   y 1,p.=  

 
It is also obvious that for the sequences of words, the index elements 

are assigned 
 

( ) { }y y y y

y y y y
k k 1 k 2 k cI E , , , ,= δ δ δ  

{ }
y

y
k x 0,1 ,δ ∈  

y yk 1,m h 1,= − +  

x 1,c,=  
 
where c is the number of bits that represents the bit sequence, my is 

the number of words in sequences, 
 

{ }m y1 2

y

y,y, y,y
1 2 mW S ,S , ,S ,ββ β=   

 

that include words jy,
jS β  in the canonized form, βj, = yj 1,m  are the 

length of the words.  
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Let us build for string sequence { }1 2 wS s ,s , ,s=  of input table B a 

sequence of words in the canonized form 
 

{ }1 2 m
1 2 mW S ,S , ,S ,β β β=   

 

where βj, j 1,m=  are the lengths of words, m is their number.  
Next, by the sliding window method, we define sequences 

1 2 m h 1E ,E , ,E − +  and, by the locality-sensitive hashing method, we shall 

build index entries 
 

( ) { }k k1 k2 kcI E , , , ,= δ δ δ  

wherе { }kx 0,1 ,δ ∈  k 1,m h 1,= − +  

 

x 1,c,=  c – is the number of bits that represents the sequence. 
c is the number of bits that represents the sequence.  
We shall calculate the Hamming distances from each index elements 

sequence of the input table to the index elements of sequences of those 
tables that are in the base according to the following formula: 

 

( ) ( )( )y y

c
y

k k kj k j
j 1

1H I E ,I E ,
c =

= δ − δ∑   (3.7) 

 

k 1,m h 1,= − + y yk 1,m h 1,= − + y 1,p.=  

 
If the condition is satisfied 
 

( ) ( )( )y

y
k k HH I E ,I E < λ    (3.8) 
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for the assigned in advance value of parameter [ ]H 0,1 ,λ ∈  then, with 

probability 1, we can argue that index entry with number k is similar to the 
index entry with number ky in the table with number y. This indicates that 
the table with number y  may be similar to the input table with threshold λH, 
that is, it contains a near-duplicate. 

Let us build for numeric finite sequence { }1 2 vN n ,n , ,n=   of 

input table B a set of sub sequences 1 2 v g 1K ,K , ,K .− +  We also assume 

that for each of the tables 1 2 pB ,B , ,B  based on their sequences of numeric 

data { }y y y y
1 2 vN n ,n , ,n ,=  y 1,p= , there were built subsequences 

y y y
1 2 v g 1K ,K , ,K − +  by the sliding window method: 

 

{ }y y y y
1 1 2 gK n ,n , ,n ,=   

{ }y y y y
2 2 3 g 1K n ,n , ,n ,+=   

{ }y y y y y
v g 1 v g 1 v g 2 v 1 vK n ,n , ,n ,n .− + − + − + −=   

 

If we represent the built subsequences 1 2 v g 1K ,K , ,K − +  and 
y y y
1 2 v g 1K ,K , ,K − +  in the form of vectors, then similarity measures 

between them are determined on the basis of Euclidean distance, city 
metrics or Minkowski distance. We shall receive the following y  of 
matrices of distances: 

 

( ) ( )
2g r 1

y y
1 u r j u r j

j r
K ,K n n ,

+ −

+ −
=

ρ = −∑   (3.9) 

( )
g r 1

y y
2 u r j u r j

j r
K ,K n n ,

+ −

+ −
=

ρ = −∑    (3.10) 
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( )
1

g r 1 tty y
3 u r j u r j

j r
K ,K n n ,

+ −

+ −
=

 
ρ = − 

 
∑   (3.11) 

y 1,p,=  u 1,v g 1,= − +  r 1,v g 1,= − +  

 
where t is the Minkowski distance parameter.  
Next, we shall find minimum values in each row of matrices 

( )y
u rK ,K ,τρ  that is, by r 1,v g 1,= − +  and obtain for each y 1,p,=  of 

the distance: 
 

( ) ( ){ }y y
u min u rr 1,v g 1

K ,K min K ,K ,τ τ= − +
ζ = ρ    (3.12) 

 

at u 1,v g 1,= − +  for fixed 1,3.τ =  

Let us normalize values of the obtained distances by formula: 
 

( )
( ) ( ){ }

( ){ } ( ){ }
y y

u min u minu 1,v g 1N y
u min y y

u min u minu 1,v g 1u 1,v g 1

K ,K min K ,K
K ,K ,

max K ,K min K ,K

τ τ= − +
τ

τ τ= − += − +

ζ − ζ
ζ =

ζ − ζ
(3.13) 

 

y 1,p,=  u 1,v g 1,= − +  1,3.τ =  

 
If the condition is satisfied 
 

( )N y
u minK ,K ,τ ρζ < λ     (3.14) 

 

for the assigned in advance value of parameter [ ]0,1 ,ρλ ∈  then, with 

probability 1, we can argue that vector u is similar to the vector of table with 
number y, that is, the table contains a near-duplicate. The higher the value 
λρ, the more stringent requirements to the search for near-duplicates are.  
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An algorithm for the detection of near-duplicates in tables 

1 2 pB ,B , ,B  relative to table B, which is assigned by deuce (3.2), consists 

of the following steps: 
1. Separate from the input table B graphic objects: images and 

formulas. These objects are examined separately. For comparing formulas, a 
method may be applied, which is based on the comparison between samples 
or templates.  

A method of finding near duplicates in mathematical formulas 
includes the following stages: 

1) identifying formulas in the analyzed texts; 
2) creating samples based on the identified formulas; 
3) comparing the samples of the found formulas between them; 
4) checking the context of formulas that have identical sample, taking 

into account the presence of commonly used symbols in these formulas;  
5) formulas with identical sample and content are considered to be 

near duplicates. 
2. In the case when table B contains cells with data of the date type, it 

is proposed to bring all the dates in accordance with a unified format, for 
example, "day.month.year", and to explore the cell data as the cell with the 
content of the text type. 

3. The entire content from cells of numeric type should be brought to a 
uniform type: decimal separator is to be reprsented in the form of a comma 
«,». 

4. Delete column «No. of entry» from the table, which represents the 
numbering of lines if the latter exists. 

5. Build a sequence of text data S and a sequence of numeric values N. 
When dividing, pay attention to the cells with combined content: in the case 
when a particular cell contains numeric and text data, the text of the given 
cell and numeric data are split into individual elements of the sequences. 

6. Build for sequence S of the input table B a sequence of words in the 
canonized form W. Next, define sequences 1 2 m h 1E ,E , ,E − + and, by the 

method of locality-sensitive hashing, construct elements of index I(Ek). 
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7. Next, calculate the Hamming distances from each index elements 
sequence of the input table to the index elements of sequences of those 
tables that are in the base by formula (3.7) and check condition (3.8) for the 

assigned threshold value [ ]H 0,1 .λ ∈  If the condition is satisfied, it means 

that a near duplicate is identified. 
8. Build for numeric sequence N  of input table B  a set of sub 

sequences − +1 2 v g 1K ,K , ,K .  

9. Represent subsequences 1 2 v g 1K ,K , ,K − +  and y y y
1 2 v g 1K ,K , ,K − +  

in the form of vectors and calculate the distances according to formulas 
(3.9)–(3.11). As a basis, one may choose one of these formulas. 

11. Apply formulas (3.12), (3.13) and check condition (3.14). If, for 

the assigned threshold value [ ]0,1 ,ρλ ∈  this condition is satisfied, it can be 

argued that a near duplicate is identified. Value λρ and λH are determined in 
advance by way of experiment. 

12. When determining near-duplicates by this method, special 
attention should be paid to those tables, for which conditions (3.8) and 
(3.14) are satisfied separately, especially if the calculated distance is 
significantly less than the threshold. If these conditions are satisfied 
simultaneously for the specified values of λρ and λH, then such a table 
unequivocally contains a near duplicate and should be separately examined 
by the expert if it was borrowed. 

 
3.4 Discussion of results of research into detection of near-duplicates in 
tables 

 
As a result of the research, we described and formalized a hybrid 

method for the detection of near-duplicates based on the method of locality-
sensitive hashing and the nearest neighbor method. This method may be 
used in antiplagiarism-systems, and other systems that are designed to run 
intelligent analysis to identify the similarities in information presented in a 
tabular form. An application of the method is possible due to its special 
features: a comparison of tables that contain different types of data at a time 
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(text, numeric), as well as the fact that the hybrid method for the detection 
of near-duplicates is relatively easy to implement because it is based on the 
known methods of nearest neighbor and locality-sensitive hashing. 

An advantage of the described method is in the fact that, when 
comparing scientific papers for the detection of near duplicates, the tables 
that are identified in the texts can be verified on the basis of the developed 
hybrid method that takes into account the text and numerical data, presented 
in the tables, at the same time. A shortcoming of the method is that in the 
case of detecting in the tables objects of formulas or other graphic data, they 
are treated separately and are ignored in present method. 

The research, which is the topic of this paper, is the continuation of 
research into the detection of near duplicates in text and graphic data. Some 
of the results of these studies were examined in articles [81-83]. The hybrid 
method constructed for the detection of near duplicates in tables is a part of  
comprehensive research into the construction of methods for the analysis of 
research papers on plagiarism. 

The principle that underlies it is described in article [24]. 
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METHODS FOR IDENTIFYING NEAR DUPLICATES FOR 
IMAGES 

 
 

 
4.1. Algorithms for finding incomplete duplicate images 

 
The task of analyzing textual information [91] and graphic data [92-

95] in order to identify similarities and incomplete duplicates is relevant for 
the scientific community, professional publications, specialized scientific 
councils, since it can be a valuable tool to avoid abuse and plagiarism in the 
field of higher education, and promotes academic integrity. Analysis of 
images in electronic documents can, for example, be performed using 
standard software applications and non-standard add-on modules. In this 
case, to improve the quality of recognition, it is necessary to implement 
procedures for restoring noisy images, analyzing shape and texture, 
extracting image fragments, comparing two images, etc. 

There are many methods that can be effectively applied to analyze and 
recognize graphic data (figures, tables, formulas) to identify matches, 
incomplete duplicates or similarities. In general, such methods are based on 
the recognition of image cue points, image hashing, the use of stochastic 
geometry, Markov chains, perceptual hashing, etc. These methods 
successfully complete the task of finding incomplete duplicates of images, 
but they have some drawbacks. All methods can be divided into two 
categories: methods based on key points, and methods based on the analysis 
of image pixels. 

Before applying the recognition methods, it is necessary to filter the 
graphic data, which makes it possible to carry out image processing in such 
a way that it is convenient to analyze them for similarity. A feature of the 
filtering methods is that they allow you to select local areas of the image 
and see their special properties. Filtering involves the use of some 
transformations to the entire image: binarization with a given threshold 
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value, high-pass filtering (Gabor filter), low-pass filtering (Gaussian filter), 
Fourier filtering, etc. 

A separate type of image filtering is the filtering of the identified 
mathematical functions. Its principle is to identify elementary mathematical 
functions on the image: a straight line, a parabola, a circle, etc. Filters of this 
type include Hough, Radon, etc. In the case of complex images, it is often 
sufficient to analyze not the complete image, but only its contours. The 
main methods for filtering contours are the methods of the Laplace, Kenny, 
Roberts, Pruitt operators. 

Also for the recognition of graphic data, namely: for the classification 
and compression of images, wavelet analysis with a set of classical 
characteristic functions is used: Morlet and Haar wavelets, Mexican hat 
wavelet, etc. There are also special types of filters under construction based 
on the so-called ridgelet, curvlet and beamlet transformations. 

Since the implemented recognition systems, as a rule, are aimed at 
finding such graphic images, there is a need for new studies aimed at 
identifying incomplete duplicates in images and images that are duplicates, 
processed, and modified in a certain way. The topic of determining 
similarities and coincidences in mathematical formulas and tables is not 
sufficiently covered, therefore, requires further research. The results of the 
studies considered in this monograph can be used in higher educational 
institutions to check theses, term papers, and abstracts for plagiarism, in 
specialized academic councils for checking candidate and doctoral 
dissertations, in professional publications to check articles, monographs, etc.  

When detecting incomplete duplicates in electronic documents, certain 
components of the document content are converted into graphic elements 
[6]. Such components include graphs, formulas, diagrams, etc. Therefore, 
methods for detecting incomplete duplicates in images must be adapted to 
find graphic representations of the above elements. The method for finding 
incomplete duplicates of images can be subject to requirements, which 
consist in identification by the method: 

• exact matches; 
• cropped images; 
• glued images (from several fragments); 
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• resized images; 
• images with changed colors; 
• reflected and returned images. 
The main idea of the search is to find incomplete duplicates of the 

same image, not similar ones. As for other requirements for the method for 
determining incomplete duplicates, more precisely, for the results of this 
method, it is to achieve the maximum possible completeness and the 
minimum number of errors. Completeness is defined as the ratio of the 
number of incomplete duplicates found to the total number of incomplete 
duplicates in the database. 

Duplicates are modified copies of the same image. To find duplicate 
images, you can use similar file search methods, MD5 signatures to find 
completely identical files, or locally-sensitive file hashing (for example, the 
ssdeep method). But these methods are imperfect, because even changing 
the file format (for example, converting JPEG to PNG) will completely 
change its binary structure. Therefore, search methods based on processing 
images in the form of binary files are impractical; they can only be used to 
find completely identical files. 

In the case of using a search method based on hashing image files 
using the MD5 algorithm (or another similar function), even editing EXIF 
information (service information about the photo shooting date, camera 
model, etc.) will result in the files being be considered different. Therefore, 
it is necessary to pay attention to approaches that consider an image as a 
graphic object, and not a binary file, namely: hashing the color values of 
image pixels, determining key points, etc. 

There are many types and formats of images, but all of them can be 
rasterized and saved in one of the popular formats: PNG, TIFF, JPEG. 

Among the approaches to processing graphic information, two main 
directions can be distinguished: the determination of key points of the image 
and the use of locally sensitive hashing for the pixels of the image. These 
methods can be combined and generally give satisfactory results when 
looking for similarities in images. 

Creating a unique way to identify incomplete duplicates in images is a 
challenging job. Therefore, to build an information system for determining 
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incomplete duplicates in the content of electronic documents, it was decided 
to choose the existing method for determining incomplete duplicates using 
perceptual hashing and modify it so that it meets the requirements of the 
system. 

There are methods for detecting incomplete duplicates in images that 
give highly searchable results. They are based on the definition of key 
points of the image (Fig. 4.1). Although these methods give good results in 
the case of image detection, they have one significant drawback - they find 
all similar images, not just duplicates. 

 

 
Figure 4.1 - Key points on the original and modified images 

 
Using key points, the maximum number of similar images is found, 

but there is a high probability of erroneous results. Having a large number 
of erroneous results, we overload the Expert Advisor working with the 
system. 

Let's consider the method of indexing an image using the example of 
finding the hash by the average value. This type of indexing is one of the 
simplest, but it is suitable for finding identical images where the use of 
borrowed graphics is not trying to hide. The sequence of operations and the 
results obtained are presented in table. 4.1. The first step is to reduce the 
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image resolution, for example, to 8x8 pixels, and accordingly change the 
aspect ratio to 1: 1. We get a rectangle of 64 points. Then we reduce the 
number of colors in the image by transforming the colors into shades of 
gray. 

Any gray color in the RGB model has the same values for all three 
colors (for example, RGB (75,75,75)), so only one of the three can be 
accepted for calculations. We have an image of 64 pixels, each with a color 
value between 0 and 255, and now we can calculate the average color value. 
To obtain an average color value, the numerical values of the pixel colors 
are added and divided by the total number of pixels. The next operation is to 
convert the image into bit format. 

Knowing the average color of the image, we go through each pixel of 
the image, comparing it with the average. Create an image signature: step by 
step, if the pixel is darker than the average, add one to the signature, if it is 
lighter - zero. Thus, we get a picture in bit format (Table 4.1, item 5), which 
can also be displayed as a binary number. The resulting number can be 
translated into any other number system. 

The obtained signatures of different images can be compared with 
each other using the Hamming metric, determining the percentage of 
similarity. This is very convenient, since the received signatures can be 
stored in the database, so as not to perform these operations every time. 
Thus, each image is indexed only once. In addition, locally sensitive 
hashing text index entries are also compared against the Hamming distance 
calculation. This will allow the use of a unified comparison tool for both the 
text index and the image index. 

Any optimizations to the text index hash comparison method will 
apply to indexes of both content types. As a result of indexing tables, binary 
strings are also obtained, which must be compared using the Hamming 
measure. Therefore, methods will be developed to optimize the calculation 
of Hamming distances on large datasets. 
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Table 4.1. 
Image indexing sequence 

№ Stage image Comments 
1 

 

The input image can be of any size 

2 

 

The image is scaled to 8x8 pixels 

3 

 

Image converted to grayscale and 
average image color determined 

4 

 

The result of comparing each pixel 
of the image with the average color 

5 00001110001001110 … 
 

Definition of signature 

 
Using a perceptual hash. For a method based on perceptual hashing, it 

is necessary to reduce the image not to 8x8 pixels, but at least to 32x32. 
Instead of grayscaling the image, a discrete cosine transform is used, thus 
highlighting the characteristic features of the image. The binary value of the 



85               ISBN 978-601-08-1675-6 

 

signature is generated in the same way as in the previous method. This 
method gives theoretically positive results, since it determines the features 
of the image and in the case of hashing, all these features are taken into 
account (without dividing the image into fragments), which should 
theoretically minimize the number of erroneous results of the algorithm. 

Researching the possibilities of Perceptual Hash. To assess the 
capabilities of the method of perceptual hashing of images, a collection of 
images was created, some of which were duplicates, but using various 
modifications. Testing was done using the phashion library. The following 
modifications were applied to duplicates of the original image: 

• non-linear color change; 
• text overlay; 
• pruning (5%, 20%, 50%); 
• reflection; 
• rotation (5 °, 90 °, 180 °). 
Also, two non-duplicate images were taken. Table 4.2 shows the 

results of the method, i.e. the Hamming measure between the original image 
and the modified one is calculated. Based on the data obtained, we can 
conclude that the method for calculating the perceptual hash gives 
acceptable results only on minor modifications. Modifications such as color 
changes, text overlays and minor cropping of the image (up to 5% of the 
area) were found. The algorithm works much worse with tilted or rotated 
images. 

It is possible to detect images if they are tilted by no more than 5 °, 
but this also requires an increase in the threshold value of the maximum 
Hamming degree, according to which images are considered duplicates, 
which, in turn, can lead to erroneous results. 

It was decided to adopt a method using a perceptual hash as the basis 
for information technology for determining incomplete duplicates. Since the 
method itself does not meet all the requirements for identifying incomplete 
duplicates in images, certain modifications were added to it. 
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Table 4.2. 
The results of the Perceptual Hash algorithm with different images 

№ Picture Description of modifications Hnmming 
distance 

1 2 3 4 

1 

 

Original image is grayscale 0 

2 

 

Non-linear image color change 2 

3 

 

Overlaid text overlay 8 

4 

 

Minor image cropping 
(5% on the bottom of the image) 8 

5 

 

Cropping about 20% of the image 12 

6 
 

Cropping 50% of the image 34 

7 

 

Horizontally flipped image 14 
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Table 4.2 continued 

8 

 

Rotation to 5 ° 
 14 

9 

 

Rotation to 90° 30 

10 

 

Rotation to 180° 16 

11 
 

A dissimilar image taken as an 
example 34 

12 
 

A dissimilar image taken as an 
example 32 

 
To overcome the negative effect of cropping or gluing, the method of 

determining the key points of the image (SURF algorithm) is used. In 
contrast to the existing methods of searching for duplicates by the 
coincidence of key points, it is proposed to use key points to divide the 
image into fragments. Based on the obtained key points, the image is 
fragmented so that separate clusters of key points fall on different 
fragments. Subsequent operations are performed both on the original image 
and on its copies. That is, each fragment is considered a full-fledged image 
if the image coincides with a fragment of another image. 

To find incomplete duplicates in images rotated by a significant angle, 
the method of determining the total angle of rotation is used. It consists in 
converting the original image into a square and creating copies of it with 
rotation angles of 5 °, 10 °, 15 °,…, 180 ° and choosing one of them, which 
meets a certain criterion. This criterion can be the average color of one of 
the sectors of the image (example shown in Fig. 4.2, rotation step 30 °). 
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Figure 4.2 - Selecting the angle of rotation of the image 

 
The color of one pixel in an image in the RGB color model is 

specified using three numbers from 0 to 255, for example (255, 75, 13). 
Shades of gray are specified using 3 identical numbers, for example (76, 76, 
76). With a numerical value of colors, you can calculate the average value 
of the color of a plurality of pixels. For each version of the image, the 
average color of the pixels that fall into the sector is calculated. Of all the 
options, a rotated image is selected for which the average color value meets 
a certain criterion, for example, the minimum or maximum value. 

The rotation angle is determined for the image and all its fragments. 
After determining the angles, horizontally reflected copies of the image and 
its fragments are created. For each fragment, a perceptual hash is calculated. 
Thus, instead of a single hash, the image is represented by many hashes. In 
the case of checking two images, each pair of hashes of the sets is checked 
using the Hamming measure, and if the distance between the two pairs does 
not exceed the threshold value, these images are considered matches. 

Let's consider the basic concepts and formulate the research problem. 
In general, there are four types of duplicates [97]: 
a) exact duplicates - exactly the same images, not differing in a single 
bit. An example of clear duplicate images is shown in Fig. 4.3;

 
Figure 4.3 - Exact duplicates 
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b) thumbnail duplicates (from the English "thumbnail" - a thumbnail) 

- images that differ only in size, for example, a reproduction on the site of 
an art gallery and a small picture that links to it. An example of tumbler 
duplicates is shown in Fig. 4.4; 

 
Figure 4.4 - Tumblers duplicates 

 
c) half-duplicates - pictures with semi-transparent captions on top of 

the image, minor color correction, cropping or frame. An example of half-
duplicates is shown in Fig. 4.5; 

 
Figure 4.5 - Semi-duplicates 

 
d) extended semi-duplicates - pictures with very altered colors or 

proportions, as well as fragments of the original images. An example of 
such images is shown in Fig. 4.6. 

 
Figure 4.6 - Extended half-duplicates 

 
In this case, full duplicates will be called exact duplicates from this 

classification, and incomplete - all the others. The problem of detecting 
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incomplete duplicates is complicated by the fact that the question arises at 
what stage of image modification ceases to be a duplicate and becomes an 
independent image. Examples of duplicate images and similar images are 
shown in Fig. 4.7 and 4.8 respectively. 

 

 

 
Figure 4.7 - Image-half-duplicates 

 
An adequate assessment of the operation of the algorithm should be 

carried out with the help of experts, and the concept of the degree of 
similarity is subjective. We will assume that the image is an incomplete 
duplicate of the image if the figure shows the same object with changes that, 
upon superficial examination of the figure, do not significantly change its 
perception. 

There are several directions of image search: search by content (find a 
photograph of a person or an image, for example, a birch), search by visual 
pattern (find images similar to a given one), search by description (find an 
image marked as "Top Secret" or "Kiev »)") Etc. Each of the search 
directions has its own characteristics and areas of use [98]. 

As part of this study, image search by visual reference is considered. It 
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consists in extracting essential properties of images and constructing 
signatures based on them, which will be used to compare pairs of images. 
Each pair always includes an image from the collection and a sample similar 
to which the user wants to find. The result of the comparison is a quantity 
called visual similarity (sometimes thematic similarity) of the images. From 
the point of view of information retrieval, such an assessment made by a 
human expert will be meaningful relevance and calculated in the system - 
formal relevance. 

 

 

 
Figure 4.8 - Visually similar images that are not duplicates of each 

other 
 
The characteristics are evaluated by methods of calculating the values 

of fundamental numerical values and are called features. There are a lot of 
similar signs. In general, they are divided into two groups: global and local. 
Global features include basic colors, textures, shapes, and significant 
elements of the entire image. Local features are calculated for small parts 
(blocks) of the image. 

The term descriptor is also used to denote characteristic values. A set 
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of features (sometimes the term "feature vector" is used) that describes an 
image for a specific task is called a signature. The features selected from a 
variety of alternative ones for their application in any task of image analysis 
and included in the signature are called key. When searching for images by 
pattern, it is not individual instances that are analyzed, but matched pairs of 
images. 

Therefore, in contrast to other problems of analysis, in the current 
problem, from the attributes of images, they pass to the attributes of pairs, 
the values of which are calculated as the absolute differences in the values 
of the corresponding attributes of each of the images of the pair. Such a 
simple formula allows you to instantly calculate them for indexed images 
and implement in practice the search for acceptable time characteristics 
[99]. Effective search methods in small collections of images with limited 
system resources should describe each image as succinctly as possible and 
have a quick procedure for comparing a pair of images. 

The aim of the research in this section is to study the features by 
which an image is identified, as well as methods for detecting incomplete 
duplicates of images in order to increase the completeness and accuracy of 
selecting an image from a sample from a collection of images. 

To achieve the set goals, it is necessary to solve the following tasks: 
a) define the concept of an incomplete / fuzzy duplicate of an image; 
b) analyze the defining features of images; 
c) analyze methods for determining incomplete duplicates in a 

collection of images; 
d) analyze the methods for determining incomplete duplicates 

according to the sample; 
e) propose a method that will work quickly and clearly for a collection 

of images. 
 
4.2. Analysis of well-known scientific developments for finding 
incomplete duplicate images 

 
Let us consider the main classical methods of clustering a collection 

of images, which can be used to find incomplete duplicates in graphic data 
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of electronic documents. 
Harris detector 

The method allows you to determine the reference points of images. The 
algorithm is based on measuring the intensity of the image brightness: 

 2

x, y
E(u,v) w(x, y)[I(x u, y v) - I(x, y)]= + +∑ ,   (4.1) 

де w(x, y)  – window function; 

I(x u, y v)+ +  – future intensity; 

I(x, y)  – current intensity. 

After approximation, a matrix of partial derivatives is built, then its 
determinant is calculated and follows. This allows you to find the corner 
points that are considered pivots:  

  ( )2R det M k trace= − ,    (4.2) 

де R – point; 
k – coefficient k ϵ(0.04,0.06);  
M – matrix. 
R-values are calculated for each point, after which only those R values 

that exceed the threshold are selected. At the end, local maxima are selected. 
The set of local maxima obtained are the initial data of the algorithm. The 
method can be visually illustrated as shown in Fig. 4.9 - 4.12. 

Properties of the method: invariance to rotation, invariance to the 
displacement of intensity, no invariance to changes in scale [86, 100-103]. 

Algorithms, the initial data of which are fragments, in the majority 
consist in the fight against the problem of the scale of point algorithms. A 
special case is the Laplacian-of-Gaussian (LoG) algorithm. 
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Figure 4.9 - Incoming images 

 

 
Figure 4.10 - Calculation of the R value 
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Figure 4.11 - Calculation of the value R> threshold 

 

 
Figure 4.12 - Determination of points of local maximum R 

 
Laplasian-of-Gaussian (LoG) 
The method was developed to solve the problems of detecting 

incomplete duplicates of images when changing the image scale. For this: 
- a function is selected that is set on a fragment of an image that is 
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invariant to a change in scale (for example, an average intensity); 

- at each point of the image, this function is considered as a function 
of changing the size of the fragment; 

- the local maximum of this function is calculated. In this case, the 
maximum point is invariant to a change in scale; 

- The size of the fragment at which the local maximum is reached is 
calculated for each image separately; 

- the point is compressed together with its surroundings. The points 
that will have the maximum value at all scales are found. 

The true singular point remains that way at different scales. 
The behavior of such a function when changing the scale is shown in 

Fig.4.13. 

 
Figure 4.13 - Behavior of the LoG function when changing the scale 
 
Thus, for each point, the image of its surroundings is "collapsed" 

according to the formula: 
2

xx yyL(x, ) (I (x, ) I (x, ))σ = σ σ + σ , 
 

 
de x, y - coordinates of the point; 
σ - scale. 
There are algorithms that allow you not only to find the same elements 

of images at different scales but also to find, for example, an element in a 
rotation. Algorithms that result in descriptors are very widely used, since 
their initial data can be fed to the input of standard clustering algorithms 
such as k-means, mean-shift, etc. These algorithms describe a fragment 
around a point using vectors or feature matrices. SIFT descriptors are a 
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prime example of such methods. 
 
SIFT descriptors 
SIFT technology (scale-invariant feature transformation) is a powerful 

tool for forming a system of structural invariant features [104]. It is based 
on the use of the best of the modern basic principles of local processing, 
containing in a single complex local filtering, the formation of significant 
features, analysis of the transformation space, approximation of feature 
coordinates, etc. The main emphasis in SIFT is placed on the stable 
determination of edge points (EP) of the image in terms of separating them 
from the rest of the stable parts. In the process of multistage processing, by 
analyzing the differences in the feature space, the required distance between 
EPs is established, which, in general, leads to high recognition 
characteristics. For these reasons, the use of SIFT is promising in the case of 
object image recognition in conditions of spatial interference. The 
construction of SIFT modifications for these conditions makes a new step in 
the development of structural recognition methods. 

According to SIFT technology [15], the image turns into a set 

( ) ( ) ( )L x, y,k B x, y Q x, y,kσ = ⊗ σ , 

 
each element of which is obtained by convolution of an image with a 

Gaussian mask  ( )Q x, y,σ  (parameter σ ). The magnitude σ  varies 

discretely within 0 1[ , ]σ σ .  

The stage of selecting stable points consists in choosing the most 
stable QDs by a detailed analysis of the properties of nearby data in space 
D(x, y, )σ  based on interpolation. The target is set to stabilize the 

movement of points caused by the discrete qualities of the image and 
transformations above it. To determine a more accurate position of the EP, 
the decomposition is carried out D(x, y, )σ  in Taylor's row 

T 2
T

2
D 1 DD(c) D c c c
c 2 c

∂ ∂
= + +

∂ ∂
, 
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where c (x, y)=  – shift from selected EP *c  within scale σ . Position 

c  extremum function D(c)  by displacement is determined from the 

equality of zero of the derivative. If one of the shear components c  exceeds 
0,5, then the coordinates of the new EP are calculated taking into account 
the correction * *c c c= +  , and for it the interpolation procedure is repeated. 
To ensure accuracy, coordinates are calculated in a moving-point form. To 
eliminate CT with low contrast, those for which the second-order term does 
not exceed 0.03 are excluded. Elimination of edge point responses is carried 
out by analyzing the relationship between the principal values of curvature 
in the directions for each selected CT. The definition of curvature is reduced 
to finding the eigenvalues of the matrix 

 

xx xy

xy yy

D   D
H

D   D
 

=  
 

 

 
second order similar to Harris's method, where uvD  – derivative with 

respect to variables u,v . Eigenvalues 1 2,α α  of matrices H  in the case of 
a fixed σ  proportional to the values of the spatial curvature. Attitude 

1 2r /= α α  eigenvalues ( 1 2α ≥ α )is a criterion for excluding EP from the 
list. Those EPs are rejected for which one of the curvature directions 
significantly exceeds the other, which means the presence of a "significant" 

edge response. The values 2tr (H) / det(H)ν =  and 2(r 1) / rξ = +  are 

close. The value is minimal if 1 2,α α  roughly equal. The criterion for EP 
deviation is the condition 0ν > ξ , де 0ξ  – threshold for magnitude 0r . In 

practical use 0r 10= . 

Each CT is assigned one or more orientations. This achieves reversal 
invariance. The amplitude is calculated m(x, y)  and orientation (x, y)θ  

gradient: 
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2 2m(x, y) [L(x 1, y) L(x 1, y)] [L(x, y 1) L(x, y 1)]= + − − + + − − , 

L(x, y 1) L(x, y 1)(x, y) arctg
L(x 1, y) L(x 1, y)

+ − −
θ =

+ − −
.     (4.4) 

 
Based on the feedback of the values and directions of the gradient for 

points in an environment of size 3 (centered at CT), a histogram is built 
containing 36 bars. Each column includes a range of orientations of 10 

degrees. The histogram values are the sums qv m=∑ , matching directly 

with the number q. To eliminate outliers, the histogram is smoothed and 
normalized to ensure resistance to changes in brightness, the direction with 
the greatest response is found. The histogram peaks correspond to the 
dominant gradient orientations. Columns of the histogram with a response 
exceeding 80% of the maximum form additional CTs in scale, differing only 
in directions. Feature information about an object is contained in an array of 
directions iT {t }= , it (x, y,m, , )= θ σ . Surrounded by each point, a set of 

16 fragments is analyzed at a fixed scale, which do not intersect and form a 
partition. For each of the fragments, a direction histogram is built covering 
360 degrees. One direction corresponds to a range of 40 degrees. The 
descriptor values are the sums i qq i

v m
=

=∑ . To ensure invariance to 

rotations, normalization is performed by shifting in the direction of CT. As a 
result, for each CT we have a descriptor - a vector containing values, an 
example of which is shown in Fig. 4.14. 
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Figure 4.14 - An example of a SIFT descriptor 
 
Hash Methods 
Hash methods are distinguished by their simplicity. As an example, 

consider the simplest algorithm for obtaining an image hash [16]. 
Based on the definition of the Fourier transform, the image is a two-

dimensional (dependence of brightness on horizontal and vertical 
coordinates) non-periodic signal. There are three signals for an RGB image: 
luminance in the Red, Green, and Blue channels. Since in signal processing 
and adjacent areas, Fourier transforms are usually considered as a 
decomposition of a signal into frequencies and amplitudes, we conditionally 
divide the image into 3 frequencies: 

- at a low frequency, the largest details will be contained, the general 
distribution of brightness and color, that is, the shape of the object; 

- at the middle frequency there is medium and fine detail, which is 
called "local contrast" and for objects shot in close-up is the texture of the 
surface; 

- at a high frequency there is superfine detail, which is often referred 
to as "micro-contrast" and is responsible for sharpness. 

Obviously, low frequencies should be used to compare images. Let's 
look at a method  with step-by-step illustrations. The input image is shown 
in Fig. 4.15. 
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Figure 4.15 - Input image 

 
Step 1. Reducing the size of the image. The fastest way to get rid of 

high frequencies is to shrink the image. In this case, the image is reduced to 
8x8, so the total number of pixels is 64. You don't have to worry about the 
aspect ratio, the image is simply compressed into an eight by eight square. 
Hence, the hash will match all variants of the image, regardless of size and 
aspect ratio. A sketch is shown in Fig. 4.16. 

 

 
Figure 4.16 - Thumbnail image 

 
Step 2. Remove the color from the image. A small image is converted 

to grayscale so that the hash is reduced by three times: from 64 pixels (64 
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red, 64 green and 64 blue) to just 64 color values. The discolored image is 
shown in Fig. 4.17. 

 
Figure 4.17 - Discolored image 

 
Step 3. Next, the average pixel value is calculated for each frame. 
Step 4. The bitstring is formed. Each pixel is compared with the 

average value and, if it is greater than the average value, then 1 is written 
into the hash cell, otherwise - 0. As a result, we get the images shown in Fig 
4.18. 

 

 
 

Figure 4.18 - The final image 
 
Step 5. Construction of a hash. 64 individual bits are translated into a 

single 64-bit value. The order is irrelevant if it remains unchanged. 
The resulting hash will not change if the image is scaled, compressed 

or stretched. Changing brightness or contrast, or even manipulating colors 
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will also not greatly affect the result. And most importantly, this algorithm 
is fast. 

To compare a pair of images, the Hamming distance is calculated (the 
number of different bits is counted). Zero distance means that they are most 
likely the same images (or variations of the same image). Distance 5 means 
that the pictures are somewhat different from each other, but in general they 
are still quite similar to each other. If the distance is 10 or more, then these 
are probably completely different images. 

 
4.3 Methods for analyzing and studying the features of images and their 
fragments to identify incomplete duplicates. 

 
The whole range of methods for image analysis in intelligent 

computer vision systems (CVS) is traditionally divided, according to the 
stages of image processing, into three groups [99, 100]: preliminary 
processing (filtering, segmentation, selection of contours, characteristic 
points, etc.); construction of descriptions (calculation of vectors or sets of 
features, formation of structural elements and models); interpretation of 
descriptions (making a decision on the correspondence of the models and 
reference descriptions formed in the process of analysis, assessment of the 
parameters of objects). An important role in, this case, is played by how a 
person perceives images and images on them. 

Human vision has another, the so-called synthetic perception when the 
observed object is perceived immediately as an integral image. In the case 
of synthetic perception, recognition occurs reflexively, without a thorough 
analysis of the entire information field of the image, often only for 
individual fragments of the object. For example, part specialists can reliably 
recognize numerous car brands based on a visual overview. By partial 
fragments, human vision restores the entire holistic image of an object, 
relying on an a priori given model. The ability to mentally complete an 
image based on fragmentary elements is a fundamental property of the 
human visual "apparatus". In biological perception, complementing each 
other, both image models are effectively used, both full (analytical), when 
the entire set of image points is analyzed, and partial (synthetic). The 



CHAPTER 4 104 
 
existing artificial constructions of the processes of perception in the CVS 
are based mainly on an analytical model, which is universally suitable for 
the whole variety of visual objects represented by the function of brightness 
in a certain field of view. Distinctive features of intelligent CVS [101, 102]: 
the ability to select essential information from the available set of features; 
learning and generalization of knowledge in order to apply them in new 
situations; recovery and analysis of events with incomplete information 
about them; the ability to define goals and formulate action plans for the 
system to achieve them. Making decisions on incomplete information is one 
of the main characteristics of intelligent systems. 

In the course of the study, the defining features of the images were 
divided into several groups. The first group of features were histograms. To 
build them, two different palettes were used: HSV and RGB. Histograms for 
the RGB palette were built as follows: the color space was divided into 32 
equal parts and it was calculated how many pixels of the image fall into 
each of the parts. For the HSV palette, histograms were plotted separately 
for each of the components. Despite the fact that the features obtained from 
different histograms based on the color characteristics of individual pixels, 
they complemented each other well, because HSV and RGB palettes are 
related by nonlinear transformation and are responsible for different 
properties of objects. 

The second group includes features based on the counting of boundary 
pixels. To calculate these features, the images were converted to black-and-
white format, then sharp bright transitions were found. After that, stripes 
with a height of up to 20% of the total were distinguished from the image 
above and below, and the number of boundary pixels was calculated for 
these stripes. It was noted that in one cluster the lateral edges of the image 
can be quite different (for example, a slight rotation of the camera), but the 
lower and upper edges usually remain unchanged [103]. 

The use of color characteristics is discussed in [86]. Features such as 
general color, most frequent colors, regularity of color placement, 
complexity of images, etc. are highlighted. Work [104] is devoted to the use 
of textural features. The authors distinguish signs of contrast, roughness, 
directionality, linear images, regularity and roughness of textures. 
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In [88], various shape features are considered: Fourier features (FD), 
space curvature features (CSSD), Zernick moment features (ZMD), and grid 
features (GD). The strengths and weaknesses of the marked features of the 
images are analyzed. 

In [89], to search for images by content, it is proposed to use the 
Homogeneous Texture Descriptor (HTD), Edge Histogram Descriptor 
(EHD), Scalable Color Descriptor (SCD), Dominant Color Descriptor, 
DCD). 

In [105], an image search algorithm based on incomplete color 
histograms calculated in the CIE L * a * b * space is proposed. In addition 
to the main one, it is proposed to use a set of additional histograms built for 
certain areas of the image. 

The work [106] considers the capabilities of the HIS (Hue, Saturation, 
Intensity) color model when searching for images by content. HSI is a 
cylindrical representation of the RGB color model and is composed of the 
following components: hue, saturation, and intensity. The author also 
suggests using the HLD (Hue Layout Descriptor) model. 

In [104], reduced copies of images are used to search for similar ones. 
The work is based on the fact that human perception allows understanding 
the content of low-resolution images with sufficient accuracy. For color 
images, a person needs a resolution of 32x32 to achieve recognition 
accuracy exceeding 80%. In [106], it is proposed to use color signs. For this, 
a color histogram is built, taking into account the spatial location of the 
color, and the color moments are calculated. To assess the similarity of two 
images, the parameters of the color distribution are compared: the 
mathematical expectation for each of the color channels and the pairwise 
covariance of the channel distributions. 

In [107], the signs of color autocorrelograms, the Tamura textural 
feature, and histograms of gradient orientations are used. 

Thus, there is a fairly large number of features that could be used in 
the tasks of image search by visual pattern. However, most of the works 
include only a part of the available features of images, combining them and 
developing signatures on their basis. Due to the fact that many features can 
be interconnected, their rational selection is an important task [108, 109]. 
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4.4 Construction and study of modifications of methods for finding 
incomplete duplicates of graphic data 

There are many ways that take different features of images as a basis, 
use this information in different ways, adding different coefficients. Below 
are the most well-known methods that allow you to solve the problem as 
accurately as possible. 

TinyImages 
First, a reduced copy of the image with a resolution of 32x32 pixels is 

generated. Each pixel is assigned a color in RGB space. 
The preliminary search for duplicates is carried out using several 

signatures (vectors of dimensions 64 and 128), the final check is performed 
by pixel-by-pixel comparisons. At the first step, regardless of the aspect 
ratio, the image is compressed to 20x20 pixels and converted to gray. The 
central part of the image, 16x16 pixels in size, is used as the first signature. 
Descriptors of singular points are used as the second signature, the 
coordinates of which are the extrema of the Difference of Gaussian (DoG) 
transformation [98]. 

An empirical threshold is introduced, below which the signatures are 
considered close. Using "close" signatures, we get groups of duplicate 
candidates. By analyzing the coordinates of "close" signatures on a pair of 
images, the area of intersection of images is highlighted. For it, the pixel-by-
pixel difference and the difference of the gradient maps are calculated. And 
if a sufficient percentage of these differences is less than the threshold, then 
a pair of images is considered duplicates. 

We assign to each image the number of signatures of other images that 
are close to the signatures of this image. Pictures are ordered according to 
the decrement of the counter. For each unmarked image, we find similar 
ones in signature. For the found image and the image of the request, a search 
(by signatures) of the common area is performed. The area of intersection of 
images is compared, due to which a conclusion is made about the proximity 
of the images. If the threshold is passed, then the images are considered 
half-duplicates and they are designated. 

After processing all found images, the search image is also marked. 



107               ISBN 978-601-08-1675-6 

 

The process continues until all images are seen. To clarify the result (and 
increase the clusters of semi-duplicates), this stage is repeated several times 
with the ejection of glued pictures (while maintaining the binding) and a 
decrease in the germination thresholds. After that, for each image, we 
determine the closest to it - the "center" of the cluster. 

Pattern search method 
To solve the problem of searching in a collection by a sample, an 

algorithm can also be proposed, which is based on the representation of an 
image in the form of a fuzzy color histogram. The method for calculating a 
fuzzy color histogram is based on the method proposed in [102] and 
includes the following steps: 

Step 1. Reducing the initial image to a size not exceeding 100 × 100 
pixels. At the same time, the proportions of the original image are preserved 
and bicubic color interpolation is performed. 

Step 2. Converting the resulting image to the universal color space 
CIE L * a * b *. 

Step 3. Calculation of the values of the membership functions at each 
point of the image. 

Step 4. Construction of a histogram of values of the membership 
function. 

In the study, following the original method, separate membership 
functions are considered for each color channel. 

A distinctive feature of the method proposed in the study is that the 
histograms are constructed without using the defasification procedure. At 
each point of the image, a vector of 75-dimensional space is constructed, the 
components of which are the arithmetic mean of three membership 
functions. After that, these vectors are averaged. The distance between 
similar vectors describing the image is calculated based on the histogram 
intersection function. 

In contrast to the basic method, within which a single histogram is 
calculated for the image, in this method it is proposed to calculate six 
additional histograms under construction for the following areas of the 
image: 

- the right half of the image; 
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- left half of the image; 
- upper half of the image; 
- the lower half of the image; 
- the central part of the image (large); 
- the central part of the image (small). 
Modified hash method 
To improve the accuracy of the hash procedure, which is taken as a 

basis in the developed method, we add the weight characteristics for a 
black-and-white 8 × 8 image. In this case, we will assume that the degree of 
"significance" of a point in the reduced image increases depending on the 
number of neighbors of a different color. Thus, the coefficient ranges from 0 
to 8. 

Here is a brief description of the developed combined method: 
Step 1. At the stage of primary processing, the input image is first 

reduced to 10 × 10, after which the edge values are cropped (to a dimension 
of 8 × 8 with a total of 64 pixels). This method not only allows you to 
immediately get rid of all kinds of "frames" in the image, but also highlights 
its main part. This way, the hash will match all variants of the image, 
regardless of size and aspect ratio. 

Step 2. Remove the color from the image. The small image is 
converted to grayscale, so the hash is reduced by three times: from 64 pixels 
(64 red, 64 green, and 64 blue) to just 64 values. 

Step 3. Converting the image to black and white. For each of the 
frames, the average pixel value is calculated, and then each pixel is 
compared with the average value (if it is greater than the average value, then 
1 is written into the hash cell, otherwise - 0). 

Step 4. The hash is built: 64 individual bits are converted into one 64-
bit value (the order does not matter if it remains unchanged). The resulting 
hash will not change if the image is scaled, compressed or stretched. 
Changing brightness or contrast, as well as manipulating colors, will also 
not significantly affect the final result. 

Step 5. Acomparison of the analyzed image with the base image is 
carried out. In this case, it is necessary to use the weighted Hamming 
distance, since each bit has its own coefficient. To compare a pair of images, 
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the Hamming distance is calculated (the number of different bits is counted), 
taking into account the weights. Table 4.4 shows the relationship between 
the classical (D) and modified (M) Hamming distances for different values 
of the weight coefficients W. In the case of comparing the analyzed and 
base images, the zero distance means that these are the same images (or 
variations of the same image). In the case of 0 to 5, the images are generally 
quite close to each other (incomplete duplicates). If the distance is from 6 to 
9, the images are characterized by some common features, but they are not 
duplicates. If the distance is more than 9, then the images are considered 
different. 

 
Table 4.4. 

Correcting the distance between images taking into account the weights 
W 0 1 2 3 4 5 6 
D  1 1 1 1 1 1 1 
М 0,8 0,85 0,9 0,95 1 1,05 1,1 

 
Thus, the proposed method allows finding incomplete duplicates of 

images quickly and with acceptable accuracy. It is based on a combination 
of a hash method and accurate incomplete duplicate detection methods 
associated with the selection of defining points in compressed and processed 
images. The proposed method was tested, which confirmed its efficiency: 
for a representative sample of images, acceptable values of characteristics 
(completeness, accuracy and F-measure) were obtained. 
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IMPROVEMENT OF THE METHOD FOR SCIENTIFIC 
PUBLICATIONS CLUSTERING BASED ON N-GRAM 
ANALYSIS 

 
 
 
5.1. Literature review and problem statement 

 
Under modern conditions, the problem of increasing the effectiveness 

of scientific research and establishing effective cooperation within scientific 
communities is becoming increasingly acute. The creation of teams that are 
able to successfully implement projects is especially important for project-
oriented organizations: scientific research institutions, consulting 
companies, design bureaus, etc. The typical approach to the formation of the 
scientific research project team is to choose partners from a range of 
scientists, who have relevant qualifications and experience of realization of 
similar projects. That is, the selection is often based on analysis of previous 
experience and scientific results of potential project partners. 

Scientific communities are usually formed under conditions of 
competition. In the situation of globalization of scientific research, not only 
the space of one or more countries but rather of the whole world is taken 
into account. These scientific communities may consist of universities, 
scientific research institutes, private companies, foundations, and 
associations that form the applications for joint grants. Since only a part of 
the grants, which were applied for, pass and receive funding, it is possible to 
distinguish three forms of relationships for every two subjects of scientific 
communities (universities, institutes and companies): competition, neutral 
relationship, and partnership. Such relationships may develop not only 
between entities of scientific communities, but also between their separate 
structural units (departments, faculties, scientific research departments, 
project teams, etc.). 

The problem of choosing partners in the framework of a grant or a 
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strategic partner for the implementation of a series of scientific research is 
relevant, especially under conditions of globalization and intensive 
development of mobility of scientific communities. One of the approaches 
that can be used to solve this problem is to conduct clustering of scientific 
publications of researchers, who are potential partners in a project. In 
addition, to support the rational choice, it is necessary to conduct analysis of 
citations between these publications and establish proximity between 
publications based on the n-gram analysis of abstracts. Scientifically 
grounded methods for choosing a partner are the key to creating and 
effective development of a scientific research project in the future. Thus, the 
problem of choosing partners in the formation of research project groups is 
a relevant task of research. 

Analysis of the relations between documents provides considerable 
information about the structure of the space of documents, which can be 
used for a wide range of practical tasks. Methods for clustering scientific 
publications can be used to identify the areas of scientific research. In paper 
[110], there is a comparison of the methods for clustering of citation graph: 
the spectral method [111], the method for modularity maximization [112, 
113], matrix factorization [114], and the method for drawing up the Map of 
random walks [115]. 

The result of the study, which is described in [110], shows that the 
quality of the construction of clear clusters of documents based on analysis 
of relations graph strongly depends on graph density, that is, qualitative 
clustering is possible only in the presence of a sufficient number of related 
documents in the collection. Among 11 algorithms considered in this 
research, the Louvain method expectedly became the best by the criterion of 
modularity [113]. The Louvain method allows constructing the least number 
of clusters. By the Flake function criterion, which shows the ratio of the 
number of vertices that have higher external power to the number of vertices 
that have higher inner power in a cluster, the Louvain method took second 
place, being slightly inferior to the BPA. And finally, by the time criterion, 
only three methods: the Louvain, Walktrap and BPA methods can be used 
for clustering of very large graphs. The authors of the research made a 
comparison of results of the explored clustering methods with the expert 
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method, and came to the conclusion that all the explored methods are 
significantly inferior to the expert method. Therefore, the problem of the 
research is to verify the effectiveness of the application of combined 
methods based on clustering of citation graph taking into account additional 
information (keywords, the title of the article, etc.) to the problem of 
identifying the areas of scientific research 

Paper [116] presented the information-theoretical approach to finding 
the distribution of the weight of feature space. The use of feature space to 
increase the original similarity of documents allows achieving their better 
clustering. Thus, the construction of the complex methods that, along with 
the citation graph, takes into account other properties of publications makes 
it possible to improve the clustering quality. However, the specific features 
of practical realization of the approach were not revealed in the work to the 
full extent. 

Paper [117] contains the classification of the methods for finding 
similarities of texts. By the subject of comparison, all methods for 
determining the similarity of the text are divided into String-Based, Corpus-
Based, and Knowledge-Based methods. Among the String-Based methods, 
it is possible to separate the n-gram method of analysis. Results of study 
[117] indicate the possibility of using the method of n-gram analysis for the 
problem of identifying the similarities of a publication. The identified 
similarity can be additional information when carrying out clustering of 
scientific publications. In study [118], there was an analysis of using n-gram 
at n∈{1, 2, 3, 4, 5} for finding of similarity of the text based on the use of a 
match of search queries of Google Web 1T data set [119]. It was shown that 
the application of the three-gram (n=3) has an advantage over the use of bi-
gram (n=2), 4-gram (n=4), and 5-gram (n=5). The application of uni-gram 
(n=1) is a degenerated case and is a simple check of words entering, so is 
the least effective. 

The problem of the formation of scientific project groups under 
conditions of globalization and mobility of scientific communities requires 
new application of new approaches to its solution. In this context, we can 
highlight the problem of calculating the rating of competitors, evaluation of 
the activity of other companies and institutions, which can potentially 
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become partners. To find the ratings of entities of scientific communities 
and separate scientists, it is possible to use the principle of construction of 
metrics. In this case, it is important to take into account the fluidity and 
dynamism of indicators of activity of entities of scientific communities and 
separate scientists, as well as the specifics of partnership activity and 
specificity of already formed competitors. A promising direction in the 
development of technologies of evaluation of activity results of entities of 
scientific communities is construction of integrated estimates, which are 
described in papers [14, 120]. The unresolved issue is the use of constructed 
estimates for the problem of choosing research partners. 

Articles [121-123] presented the ways of project management 
integration and decision-making support by using a matrix model based on 
the key portfolio events. The unresolved issue is the use of the matrix model 
for the problem of choosing research partners. In the paper [23], partnership 
relationships and principles of their management were studied. Study [124] 
described the multi-stage mathematical model of choosing partners. In paper 
[125], it was proposed to use the method of analytical hierarchy to select the 
best partners from a small set of potential partners. Article [126] described 
the model of choosing the partner based on the genetic algorithm. Paper 
[127] proposed the approach to the construction of information technology 
based on the project-vector methodology for scientific research 
management. The development of the information [16] and technical [17] 
components of the technology shows the prospects of its application. In the 
explored works, the models of choosing partners are mostly based on the 
idea that potential partners can perform a wide range of functions, but in 
actual projects, especially scientific research projects, it is not so. Each 
partner can perform narrow tasks, which are a part of the road map of this 
project development. That is why the models and the methods, which are 
described in these works, require revision. 

While selecting research partners, the considered methods take into 
account only their results obtained in the past. To determine a rational 
partner, it is important to assess the prospects of his development as a 
subject, at this, appropriate mathematical methods of forecasting and expert 
evaluation should be applied. In paper [18], the theoretical approach to 
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applying expert methods when predicting the development of subjects was 
used. The proposed models can be used in the construction of time series of 
characteristics, which are used for the evaluation of the prospects of a 
partner. Article [128] shows the method for prediction of time series of 
selective match with the model, which was developed in [85] and integrated 
into information technology in [15]. These studies show the application of 
trend models for the prediction of economic processes, while paper [129] 
shows the possibility of the application of trend models for forecasting the 
prospects of scientific research. It was shown that the trend methods best 
predict the prospects of scientific research areas The prospects of separate 
scientists and scientific research institutions are predicted with less 
accuracy, which is why the choice among the forecasting models and 
methods of the ones, which would more accurately predict the potential of 
scientists and scientific research institutions [130], remains an unresolved 
problem. 

Paper [131] deals with the problem of selecting the project executor as 
a problem of multicriteria decision making. The proposed method is based 
on the process of hierarchy analysis. To solve the obtained optimization 
problem, the method of lexicographic target programming with the use of 
Boolean variables is proposed. Given the NP complexity of the obtained 
problem, this approach can be used at a small number of potential project 
executors. 

In the study [132], the problem of selecting executors for the 
implementation of individual tasks of a new project was considered. Two 
approaches to problem solving were proposed. The first approach allows 
taking into account the assessment of the competence of potential executors 
and the data on already realized projects. These data and requirements for 
the tasks of new projects are presented using the cognitive map with 
corresponding vertices. The major difficulty of this method is the need for 
constructing a graph of relations between executors, projects and tasks 
because of its large dimensionality. A rather challenging task is determining 
numerical parameters of a cognitive map: impact weights, importance of the 
tasks of a new project, etc. 

The second approach involves using the Hopfield neural network. 
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Neural networks allow the implicit use of already existing experience of 
project activities during the implementation of new projects. The main 
problem of the application of neural networks is the need for long training 
and selection of training samples. 

Study [133] focuses on the research into increasing the effectiveness 
of the formation of a project team with regard to the interpersonal 
relationships of employees. The criterion for determining the contribution of 
employees to the group interaction was proposed. Using this criterion, the 
algorithm of solving the problem of selection of candidates for the project 
team by the criterion of total contribution of employees to the group 
interaction was developed. Paper [134] shows that team with different level 
of integration of executors had the same levels of effectiveness of 
teamwork. Thus, the data obtained as a result of the study indicate that the 
role and importance of integration in project groups is insignificant 
compared to other approaches to the productivity improvement, in 
particular, the choice of executors. 

Thus, after examining these studies, we can come to the conclusion 
that the problem of selection of scientific partners can be solved more 
efficiently, taking into account the specifics of scientific research projects, 
which are often performed by researchers of narrow specialization. To 
enhance the efficiency of determining the specialization of a researcher 
based on his previous experience, there is a need for improvement of the 
methods for identification of the research areas, in which a scientist 
performed before. 

The aim of this study is to improve the method of clustering 
publications of scientists based on criteria of abstract proximity and 
relations between citations. The results of the method will give an 
opportunity to identify more clearly the research project groups for solving 
the problem of selecting research partners. 

To accomplish the aim, the following tasks have been set: 
– to construct a method for determining the proximity of abstracts 

based on the n-gram analysis for the problem of clustering the publications 
of scientists;  

–  to select the methods of fuzzification of potential partners matching 
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the research problems of a project according to the results of clustering and 
defuzzification of evaluations of partners based on the requirements stated 
by experts;   

–  to conduct verification of obtained results. 
 
5.2. Construction of the method for determining the proximity of 
abstracts based on the n-gram analysis for the problem of clustering of 
publications of scientists 

 
In paper [11], the identification of research areas of scientists is 

determined as a process of finding a match between a specific scientist and 
scientific areas, in which this scientist works and publishes his scientific 
papers in the framework of these areas. The method for identification of 
research areas of scientists that consists of four states was proposed: 

1. Clustering of publication citation graph.  
2. Consolidation of clusters.  
3. Construction of the match between clusters of publications.  
4. Identification of research areas of scientists. 
At stage 1, the set of publications  

P={p1, p2, …, pm} 
as vertices of the citation graph, which are connected with each other 

by arcs – citations, are considered. As a result of the procedure of clustering 
scientific publications, the set of clusters Y is obtained. Since the power of 
set Y can be quite large, the need for the aggregation of the constructed 
clusters by merging the clusters that are close to one another with a small 
number of elements is shown. The paper proposed the method for 
determining the distance between publications based on determining content 
proximity of abstracts by content. It was proposed to find the distances 
between abstracts using the method of locally-sensitive hashing. As practice 
shows, the use of this method gives satisfactory results when comparing the 
abstracts written by scientists from one region. Cultural, regional and 
language traditions of the authors have significant influence on the writing 
style, the use of certain words and phrases. When comparing the abstracts of 
scientists from different countries, there arises a situation when the distance 
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between the publications with the common subject of research is large. That 
is why there is a need to use other methods for calculating the distance 
between texts and estimation of their similarity. 

We will improve the second stage of the proposed method for 
identification of areas of research. To do this, we will generalize the method 
for finding the distance between publications based on determining the 
degree of similarity between abstracts. We will assume that the text of 

abstract Si, i 1, m=  which was preliminarily processed, corresponds to 

each article pi. In particular, each abstract may be presented as a sequence of 
words in a canonized form after deletion of stop-words [24]. To write down 
formulas in abstracts, it is proposed to use the way of writing them with the 
use of TeX [44]. Then the distance between publications may be determined 
as a degree of similarity of their abstracts. Thus, g(pσ, pτ)=H(Sσ, Sτ), where 
Sσ and Sτ are the abstracts of publications pσ and pτ, { }1, 2, , m ,σ∈   

{ }1, 2, , m ,τ∈   g is the function of the distance between publications, H is 

the degree of similarity of publications.     
To determine the degree of similarity of abstract H, it is proposed to 

use the approaches of the n-gram analysis. The text of abstracts Sσ and Sτ in 
this case is treated as a sequence of n-grams. The task is to find the distance 
between the abstracts by comparing these n-grams.  

Let the assigned abstract S be a fragment of a text. We will consider it 
as a totality of words. A word is a sequence of characters that belong to 
finite alphabet A. Denote the words through n nW , W S, n Nβ β ∈ ∈  – a word’s 

number by order, β is the length of a word. Then an arbitrary word is 
assigned in the form: 

 

{ }n 1 2W t , t , , t ,β
β= …    (5.1) 

where j jt A, t C, j 1, , C∈ ∉ = β  are all non-letter characters. 

Assign the list of stop-words and construct the sequences of words of 
abstract S in the canonized form, that is   
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{ }u1 2
1 2 uS W , W , , W ,ββ β= …    (5.2) 

where βj, j 1, u=  are the lengths of words, and u is the number of 

words. 
The sequence of words in the canonized form  

 
{Wa, Wa+1, …, Wa+n-1}   

 
will be called n-gram. Let Wa and Wb be some words, then the 

frequency of n-gram is С(Wa, Wa+1, …, Wa+n-2, Wb}. We will name the ratio 
of the number of n-gram occurrence in the given text to the total number of 
n-grams in the text. Then for each pair of words Wa and Wb we will 
calculate the average frequency of n-gram, which begin with and end in 
corresponding words, from formula:     

 

( )
( )

1 n 2

1 n 2
1 n 2

u u a i i b

a b
i 1 i 1 b i i a

n 2 рази

С W , W , , W , W1(W , W ) ,
2 С W , W , , W , W

−

−
−

= =

−

 +
 µ =
 + 

∑ ∑





 (5.3) 

 
where 

ji jW j 1, n 2, i 1,, u= − =  is the words in the canonized form that 

are found in the abstract of the text after canonization, u is the number of 
words. The degree of similarity of words is determined as: 
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where Cmax is the maximum frequency of a word, that is 

( ){ }max ii
C max C W ,=  the method for determining the similarity between 

words is described in [118]. 
Then, to find the similarity of the abstracts of publications, we will use 

the "text similarity" model based "one to one mapping" [136]. Consider this 
method in more detail. Let us assume that { }11 1 2 u, ,S W W , W= …  and 

{ }21 2 u2 , w ,S w , w= …   are the abstracts of two publications in the 

canonized form, and u1 and u2 are the number of words in S1 and S2, 
respectively. Without restricting the commonalities, we will consider that 
u1≤u2 Тhen, we withdraw from the abstracts all coincidences of the words at 

the same places, i. e. the ones that Wi=wi, 1i 1, u .=  Let the number of such 
coincidences be equal to δ, then if δ<u1, after coincidences withdrawal we 
obtain { }11 1 2 u, ,S W W , W −δ= …  and { }222 1 u, w ,S w , w .−δ= …   For 

obtained words, we plot the semantic similarity matrix: 
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 (5.5) 

 
For each row of the matrix, find a set of elements Ai, the value of 

which is more than the sum of mathematical expectation and standard root 
mean square deviation for the given row 

 

{ }i ij 1 2 ij i iA , i 1, u , j 1, u | M ,= α = = α > + σ   (5.6) 

where 
2u

i ij
j 12

1M ,
u

−δ

=−δ

= α∑  a ( )
2u 2

i ij i
j 12

1 M .
u

−δ

=−δ

σ = α −∑  (5.7) 

Designate through iA  the mathematical expectation of the elements 
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of set Ai. To find the similarity of abstracts, use the formula: 

 

( )
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2u
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1 2

A u u
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σ τ
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At stage 2, rather close clusters are united based on the function of 

distances between publications. To do this, the weight center for each is 
found and the clusters, the distance between the weight centers of which 
does not exceed the threshold value, are united [121].  

At stage 3, each cluster is put into match with a scientific research 
area. To establish the match, it is possible to use the expert approach, in 
which the solution is based on the list of publications of a cluster and some 
additional information about them, such as keywords, the most widely used 
concepts, etc. 

To conduct the identification of research areas of scientists, at stage 4 
we will use the information on the publication activity of scientists, taking 
into account the constructed set of clusters of research areas, to which these 
publications belong. Solution to problem of identification of research area of 
scientists belonging to set A={a1, a2, …, an}, n is the number of scientists, is 
mapping Λ:A→V, where V={η1, η2, …, ηψ} is the set of verbal names of 
scientific research areas, ψ is the number of areas of research. The obtained 
results allow solving the affine problem of finding the scientists carrying out 
research in the specified area. The identified areas of research are also the 
source information for the experts who form a project group, taking into 
account the experience of each of the potential partners in this or that area. 
Clustering results give the required amount of information for the solution 
of the problem of selecting partners, for example, based of fuzzy inference. 
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5.3. Construction of fuzzy method of selecting partners for 
implementation of a scientific research project based on results of 
clustering 

 
Let a certain project be at the stage of planning, that is, the stages of 

determining the project environment and of project statement have already 
been completed. Thus, internal and external factors have been determined; 
project goals and objectives have been set. A project can be regarded as a 
totality of separate processes, which involve solving specific problems of a 
project. Each of the processes requires resources for its implementation. One 
of the main resources is the executives of a task. 

Consider the problem of selection of project executives in more detail. 
To simplify, we will assume that each process from the beginning to the end 
is performed by one executor. Carry out the decomposition of the problem 
of selecting project executives into sub-problems of selecting one executive 
for the implementation of each process. At the stage of determining the 
environment, we formed a set of people who can be executives 
A={a1, a2, …, an}, where n is the number of people who can be executors of 
the process (we will further call them candidates). Each of the candidates 
can be rated based on the list of criteria c1, c2, …, ck, k is the number of 
criteria for candidates evaluation. 

The aim of the research is to construct the method for evaluation and 
selection of the rational executor among candidates a*∈{a1, a2, …, an} 
taking into account the set of criteria, at that, the result of using the method 
can be both one rational executor a*, and the ordered set of executors 

{ }* * *
1 2 na , a , a .  The solution in the form of the ordered set of the candidates 

has a number of advantages. In particular, if the most rational candidate 
refused to take part in the project due to certain unforeseen factors, the next 
candidate can be involved in the project.   

One of the approaches to the assessment of candidates is to use the 
multi-criteria group expert estimation. To find generalized aggregated 
estimates of applicants, it is advisable to apply a system of fuzzy inference. 
The procedure of fuzzy inference is to determine the mapping of the input 
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data evaluation vector into the scalar output value using fuzzy rules.  

Fuzzy inference consists of the following stages: 
1. Fuzzification. It is based on some linguistic variables with 

corresponding linguistic scales. The main procedure of the stage is to 
determine the degree of belonging of an input value to each of the linguistic 
variables. 

We will consider the mapping obtained as a result of solving the 
problem of identification of research areas of scientists as discrete fuzzy 
mapping, which is determined by the ratio of the number of publications of 
an author in this scientific area to the total number of publications. That is, 

( ) ( )i
i b ba | , b 1, , i 1, n,Λ = η µ = ψ =  and membership is determined from 

formula: 

( )
( )

i bi
b

i

P a Y
,

P a
∩

µ =     (5.9) 

where P(ai) is the set of all publications of scientist ai, and Yb is the 
cluster of publications that matches research area ηb.  

2. Inference mechanism. This stage is based on the base of fuzzy 
rules, which assign mapping of input fuzzy sets in an output fuzzy set. 
These rules are formed based on the corresponding expert estimates. There 
are different procedures for obtaining fuzzy inference, specifically, the 
procedures of Mamdani, Sugeno, Larsen. 

Fuzzy rules are stated in the format "If a candidate has competence ηb 

with membership degree μb, a scientist meets the requirements of a project 
with membership degree α. For example, the following rule can be stated: 
"If a candidate knows the methods of project management, the scientist is a 
likely candidate for the position". In this example, knowing the methods of 
project management – competence ηb, "excellent" is the verbal qualitative 
estimate. To transfer qualitative estimates into quantitative values of 
membership function, it is necessary to use a certain scale. To construct the 
scale of transition from high-quality expert estimates to membership 
functions in statements of rules, use the method described in [137]. An 
example of such a scale is shown in Table 5.1. 
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Table 5.1 

Scale for assessment of a statement 
No. Verbal qualitative estimate   Value of membership 

function   
1 Excellent 0.9 
2 Good 0.75 
3 Satisfactory 0.6 
4 Bad 0.35 

 
The inference procedure is the aggregation of all the rules. The 

process of fuzzy inference in the system ‘fuzzy inference" is to find degrees 
of implementation of each of the rules based on the degree of truth of its 
premise with the help of composition α=min{μb}. Fuzzy inference by 
Mamdani uses the operator of minimum in the system of fuzzy inference by 
Larsen based on the operator of product. 

3. Defuzzification. It involves the transformation of a fuzzy value into 
a clear value. The most common method for defuzzification is the method 
for finding the weight center of a fuzzy set. Defuzzification takes place with 
the use of the formula of finding the center of masses 

( )

( )

max

min

max

min

x

x
x

x

x x dx
R ,

x dx

µ

=
µ
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where x in the fuzzy magnitude, xmin and xmax are the least and the 
largest values, and μ(х) is the membership function of fuzzy magnitude. 
Since in the proposed method, the fuzzy magnitude is discreet, integral 
should be treated as the sum, that is defuzzification occurs by the formula:  
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where Ri is the clear estimate of candidate ai. 
The selection of an executor of a scientific project involves finding the 

executor matching the maximum value of defuzzification Ri. The ordered 
set of executors is constructed from the scientists at descending 
defuzzification value. 

To verify the research, the identification of scientific research areas of 
6,0191 scientists that form the knowledge base of the information-analytical 
system "Base of scientists of Ukraine" was performed. At stage 1, 221,893 
publications were clustered using the Louvain method. After discarding 
26,495 isolated vertices, 3,328 clusters were obtained. Given the above 
constraints, 7,044 publications, for which the abstracts were available in 
English, were separated for subsequent analysis. These publications are split 
into 281 clusters. Then, to establish the similarities of abstracts (4) to (8) 
within and between the clusters, the methods of locally sensitive hashing 
[11] and of n-gram analysis (at n=3) were subsequently used. Analysis 
showed that average similarity of publications within a cluster exceeds by 
more than 3 times the average similarity of publications of various clusters. 
That is why the threshold value of 0.09 for uniting was selected. The 
application of the proposed methods made it possible to reduce the number 
of clusters to 149 and 134, respectively. Maximum and average values of 
similarity for both methods have close values and similar behavior (Table 
5.2). The minimum value of similarity within the cluster is higher than the 
average value for the n-gram analysis. This feature allows identifying the 
relation between some publications that are distant from the point of view of 
the method of locally sensitive hashing. 

To verify the fuzzy method of scientific partners, it was proposed to 
determine the organizations-executors for the fundamental scientific 
research "Methodological foundations for the creation of information 
environment of management of scientific research of structural units of HEI 
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of MES of Ukraine". As a result, a list of potential organizations-executors 
that were interested in the project implementation was formed. The 
executors among professors and teaching staff were selected from each 
organization. Publication activity was analyzed for each of them. In total, 
60,191 Ukrainian scientists were considered. The results of identification of 
the scientific research areas with the use of the Louvain method at the first 
stage and results of determining the similarities of abstracts by the method 
of locally sensitive hash at the second stage were used as well. 
Subsequently, the requirements for executors of the research according to 
academic positions of the chief researcher, the senior researcher, etc. were 
stated. The selection criterion was developed: applicants must have 
experience in performing studies in the areas "Project management", 
"Scientometrics" and "Information systems". 

 
Table 5.2 

Comparison of the methods for finding the distance between publications 
Method Similarity of publications 

within one cluster   
Similarity of publications 
of different clusters   

Number 
of 
united 
clusters    

Min. Medium Max. Min. Medium  Max.  
Locally 
sensitive 
hashing 

0.0025 0.1822 0.3257 0.0023 0.0526 0.1227 132 

n-gram 
analysis 
(n=3) 

0.0624 0.1941 0.4125 0.0020 0.0577 0.1128 147 

 
Based on (5.9), degrees of belonging to corresponding competencies 

that are necessary for the implementation of various stages of fundamental 
research were designed. The obtained result determined a ranking list of 
scientists engaged in the study of theoretical aspects of the scientific 
research activity. Using the fuzzy method for identification of research 
project groups based on expert estimation, it was found that two universities 
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can be executors of the project: Kyiv National University of Building and 
Architecture, as well as Odessa National Polytechnic University. 

It was shown in this study that the graph clustering requires additional 
information that can be provided by the measure of abstracts proximity 
based on n-gram analysis. Availability of the additional information allows 
reducing the number of clusters by several times. The problem part in the 
fuzzy method for identifying research partners is that it is necessary to make 
a choice of experts of a narrow profile. Due to the modified method of 
clustering and statement of requirements for potential partners, this problem 
is partially solved. 

Most research into selecting partners usually involve experts or 
conduct cross-sectional evaluation of partners between one another, in this 
case, the project management apparatus and methods of processing expert 
information are used to great extent. This research provides an opportunity 
to calculate the merits of potential partners without any influence of the 
subjective factor due to the application of the method for determining 
scientific research areas. 

For correct operation of the proposed method for calculating the 
distance between text data, it is important to use true information about the 
frequency of n-gram. Google Ngram Viewer [138] is the search online 
service of the Google company that allows plotting the graphs of frequency 
of language units based on a huge number of printed sources. Statistic 
information is available for the American and British variants of English, 
French, German, Spanish, Italian, Russian and simplified Chinese languages 
and Hebrew. Similar information for the Russian language is also provided 
by the National corpus of Russian language [139]. For the Ukrainian 
language, information on monograms and bigrams is available in the corpus 
of the Ukrainian language in linguistic portal Mova [140]. The volumes of 
available data are shown in Table 3. In paper [141], it is noted that about 6 
% of all textual information generated by humanity throughout the entire 
history has been processed until now. 

Thus, we can conclude that the volumes of data of relative frequencies 
of n-gram occurrence for the Ukrainian language are considerably smaller 
than for the English language. This can become a significant constraint of 
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the proposed method. To overcome it, it is proposed to use the abstracts in 
English.  

Table 5.3 
Volumes of n-gram frequencies 

Source Number of texts   Number of n-
gram 

Google Ngram Viewer – English 4,541,627 468,491,999,592 
Google Ngram Viewer – Russian 591,310 67,137,666,353 
National corpus of the Russian 
language   

76,882 209,198,275  

Corpus of the Ukrainian 
language   

Data unavailable   87,180,005 

 
Based on the research results, the fuzzy method for choosing the 

partners for the implementation of a scientific research project was 
proposed, but it was not determined how the contribution of selected 
partners to a project will be estimated. This is the issue for future research.  

One of the ways of research development is to create new methods for 
identification of similarities between the fragments of text information. The 
research development is seen in the creation of a possibility for dynamic 
management of partner’s selection. 

The principle that underlies it is described in article [12]. 
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SOFTWARE PACKAGE FOR IDENTIFICATION OF NEAR 
DUPLICATES 

 
 
 
6.1. Application of methods for detecting incomplete duplicates, taking 
into account the developed methods in the software package for 
determining incomplete duplicates 

 
Visualization of software modules of the system for determining 

incomplete duplicates is an important element to ensure maximum 
accessibility for users. That is why the architecture of the system was 
proposed and implemented in such a way that interaction with users occurs 
via the Internet. In addition, it should be noted that the system for detecting 
incomplete duplicates can effectively work both on one server and is 
divided into several servers to optimize the search process. Through the 
Internet, the necessary connection is established between the main 
components of the system for determining incomplete duplicates: a 
database, a data processing server, and a web server. 

In fig. 6.1 shows the general architecture of the incomplete duplicate 
detection system. Moreover, the user interface, implemented through a web 
application and associated with the corresponding web server, occupies one 
of the main places in this architecture. This is due to the fact that the visual 
components of the system make it easy to control the actions of the system, 
see the status of checking, indexing, loading documents [142]. Let's 
consider a system for importing files into a system for detecting incomplete 
duplicates. When the system is running, it is often necessary to work with 
files of different formats. It is clear that different files have different 
structures and it is difficult to process files of different formats. That is why 
it is important to convert all files uploaded to the system into a single 
format. 
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Conversion of uploaded files is lossy since it is difficult to correctly 
display all graphs, formulas, tables, and diagrams contained in the source 
file. Therefore, it is important to sort the information in the document by 
priority. The information that is more important for finding incomplete 
duplicates should be left and transformed in the first place, the other one 
should be turned into a primitive form. From these considerations, we need 
to form the requirements for the converted document: it should not have a 
complex structure, it should support the formatting of text, tabular data, 
graphic images. The visualization of loading documents into the system for 
detecting incomplete duplicates is implemented using Drag and Drop 
technology. In fig. 6.2 shows the main window for loading new documents. 
The download results are shown in Fig. 6.3 - 6.5. 

It was determined in the system that the main format for converting 
documents is HTML. Each line of an HTML file is a tag that looks like a 
word with "<" and ">" at the edges (<p> </p>). The signs are divided into 
single and paired ones (one indicates the beginning of a certain content, the 
other - to its end). 

Images in HTML are usually generated as separate files and saved 
separately, and a link to this file is inserted into the document. However, 
HTML also has the ability to display an image file in text, using the 
BASE64 encoding [44]. Separate tags also exist for formatting tables, 
mathematical formulas, and the like. 

It was decided to use existing software to convert documents to 
HTML format. It is better to convert MS Office files using the actual 
Microsoft office suite, but if necessary, you can use the free office suite 
LibreOffice. 

Importing a document has a number of stages: 
1. Obtaining a new file and saving it to disk. 
2. Determination of the format of the input file. 
3. Definition of an existing converter. 
4. Launching the converter and receiving an HTML document. 
5. Cleaning the HTML document from unnecessary information 

(styles, scripts). 
6. Allocation of types of content of the document. 
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7. Saving HTML-document in the database. 
 

 
Figure 5.15 - Architecture of the system for determining incomplete 

duplicates

 
Figure 6.2 - Window for loading a new document into the system 

 
The LibreOffice office suite and the pdf2htmlEX utility are used to 

convert to the system. A method has been developed to convert ordinary 
text files to HTML. Thus, the document import module was able to import 
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the following file formats: DOC, DOCX, RTF, TXT, PDF, ODT DOT and 
other less common formats. 

Let's consider a diagram of modules for preprocessing and indexing 
imported documents. The preprocessing module is intended for parsing the 
content of documents loaded into the system, sorting this content, etc. The 
indexing module is used to transform the content of a document into an 
index, that is, a kind of structure that allows you to store a document in the 
system without significant loss of resources, as well as quickly search for 
incomplete duplicates. Indexation of an electronic document is performed 
only once, and the search for incomplete duplicates, where this document is 
taken as a basis, is performed repeatedly. In fact, when indexing a 
document, only two operations are carried out: hash calculation and 
fragmentation. 

The first step in document processing is to correct errors: replacement 
of letters, the presence of invisible characters, typos. This processing is done 
based on the Hunspell library. 

Then, if the document contains text content, the language of the text is 
determined. If the language differs from the standard in the system, then the 
text is translated. Text translation tools include means of local translation 
and translation using online systems (using API). Pragma 6 is used as a 
local translation system, and Google, Yandex and Bing translators are used 
as online translation systems. 

After the translation of the text, stop-words and stop-phrases are 
extracted and canonized. The canonicalized text is split into shingles and the 
index entries are created using locally sensitive hashing. Similar to the text 
data of the document, the text data of the tables also goes through all the 
stages of preprocessing and canonization, and only after that the table is 
fragmented and its index is created using locally sensitive hashing. 

If the content contains graphic images, they are examined separately. 
For this, a mirrored copy is created. The original and the copy of the image 
are fragmented at certain key points. For each element obtained, the angle of 
rotation is determined and a perceptual hash is built. To calculate the proper 
angle of rotation, it was decided to rotate not the picture, but the sector 
itself, in which the average color of the position is calculated. Thus, there is 
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a saving of system resources, since image rotation is a rather expensive 
operation. Also, before rotation, you need to perform some transformations, 
since duplicate images may have different extensions, proportions and other 
changed parameters, which may affect the final result. 

After fragmentation, determination of rotation angles and calculation 
of perceptual hashes, we get a lot of hashes of different fragments or 
variants of the image. This set is stored in the database and is considered the 
index of the image. 

Let's consider the approaches to the translation of the text and the 
projection of the coordinates of the translated text to the original one. When 
indexing an electronic document, it is necessary to recognize the language 
of the text. If the language of the text is not basic, then make a translation. 
The basic language in the system is Ukrainian since most of the documents 
that will be uploaded to the system are Ukrainian. 

For translation, the text is fragmented into short excerpts from one or 
several sentences up to 500 characters in one fragment. This is necessary to 
project the translation positions onto the source text. 

Based on the method of matching the original and translated text, the 
module has the following functions: 

1. Dividing the text into a sentence. 
2. Formation of a request. 
3. Translation using the API to one of the translation systems. 
4. Projection of the positions of the original text onto the translated 

one. 
After analyzing the document for the presence of incomplete 

duplicates, the user can view the statistics: the document uniqueness factor 
and documents stored in the system database that has  incomplete duplicates 
with the input document (Fig. 6.3). Also, the visualization of the distribution 
of matches among documents is determined separately (Fig. 6.4). 
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Figure 6.3 - Visualization of information about the result of checking a 

document for the presence of incomplete duplicates 
 

 
Figure 6.4 - Visualization of information about the distribution of matches 

among documents 
 

The visualization of information in the system is important for the 
user, who can easily navigate and check documents for incomplete 
duplicates. Visualization is an important element of displaying the results of 
the system operation: the results of importing documents, updating, 
indexing, checking for incomplete duplicates, etc. 

In the developed matching system, a check is performed on various 
elements of the document, such as text, tables, formulas, and images. 
Accordingly, there are several match view modes that allow you to get 
general information about the uniqueness of a document and view specific 
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matches found. To start checking a document, it must be loaded into the 
system and converted. Conversion is performed automatically immediately 
after download, but only if the file format is supported by the system. 
Currently, the supported files are "txt", "doc", "docx", "pdf", "xls", "xlsx" 
and "odt" formats. The system user can start the scan from the "All 
documents" section of the system (Fig. 6.5). 

 
Figure 6.5 - List of documents uploaded to the system 

 
Figure 6.5 shows three loaded documents with different statuses. "Test 

Document 1" has been loaded and converted successfully, so the "Check" 
option is available to the user. The system did not convert "Test document 
2", perhaps an error occurred and automatic conversion was not started. The 
user can start the conversion manually using the "Convert" option. The 
format of test document 3 is not supported by the system, as you can see 
from the Status field, the user can delete this document or start the 
conversion again after a certain period of time. The system is being updated, 
new formats are added, therefore, in all likelihood, this format will also be 
supported in the future. 

To check the selected document, click the "Check" button and the 
check task will be added to the queue. The system user can track the 
progress of the scan by going to the "Tasks" section. 
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Figure 6.6 shows 2 tasks, one completed and the other in progress. In 
general, there are several stages of verification, such as indexing (if it has 
not been performed for this document earlier), quick search to determine the 
range of similar documents, detailed search to determine the exact location 
of matches, data processing to calculate the percentage of matches and 
generate a report. After the check is completed, the "Check" option (Fig. 
6.5) disappears and the "View Report" option appears in its place. 

 
Figure 6.6 - List of current tasks in the system 

 
System users are available to view several report forms. By clicking 

"View Report", the user gets to the general report on the document. This 
report form can be conditionally divided into five parts. At the top of the 
page, the user sees a list of documents in which matches were found with 
the current document, the overall percentage of uniqueness, and settings for 
working with the received data (Fig. 6.7).  

Each document in which a match is found is assigned a color that is 
used to highlight matches in the current document. This will be described in 
more detail below. We can also see the percentage of matches with the 
current document for each of the positions found. In the same table, there 
are two buttons on the right. The button with the "Books" icon opens the 
mode for viewing matches with this document. The X button removes all 
matches of the current document with favorites and lists statistics. This 
option is necessary to remove from the report the matches of the current 
document with the works of the same author. Self-citation is not considered 
borrowing, but the system does not always manage to correctly identify the 
authors of the work. The "Document uniqueness" chart displays the ratio of 
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unique and borrowed or quoted text. Green in the diagram represents unique 
text, dark gray for quotes, and red for borrowings. In general, the 
uniqueness of the document in our example is 50.33%. 

 

 
Figure 6.7 - General report. Basic data 

 
Since the matches can overlap (the same piece of text was found in 

several different documents), the total percentage of matches for the found 
documents is not equal to the percentage shown in the diagram. Figure 6.8 
shows an example of calculating the total hit rate. In the given example, 
"Document C" is checked and coincides with "Document B" by 40% and 
with "Document A" also by 40%. 

 
Figure 6.8 - Calculation of document uniqueness 

 
The total percentage of matches in this case is 60% and depends on 

how much the matches in documents "A" and "B" are combined. The unit of 
measurement of the text for determining these percentages is words. 

In fig. 6.9 you can see other components used to filter or navigate 
between matches. In particular, in the lower right corner there is a match 
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switch and information about the number of fragments in general. The 
"More Graphics" button enables the display of additional charts. There are 
two such diagrams: "Distribution of hits by document length" and 
"Distribution of hits by documents". 

 
Figure 6.9 - General report. Additional data 

 
The distribution of coincidences along the length of the document 

shows the density of fragments that coincided in a certain interval of the 
document. This information can be useful for reviewing highly structured 
work such as dissertations. In the dissertations in the first chapter, 
extraneous sources are almost always analyzed on the subject of the work, 
so a large concentration of borrowings can be allowed there. 

The distribution of matches in documents shows the percentage of 
matches found in different documents. In our example (Fig. 6.9), there are 
30% more matches found in Test Document 3 than matches found in Test 
Document 1, with an overall non-unique character of the current document 
of 36.9%. 

The main part of the overall report is occupied by the revision of text 
matches (Fig. 6.10). This form displays the entire text of the document, 
taking into account formatting. 
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Figure 6.10 - General report. Viewing text matches 

 
Clicking the “eye” button scrolls the test match preview to the current 

match within the document. All hits are numbered, and the hit number is 
listed on the hit view control component. Using the buttons with the 
"forward" and "back" icons, you can switch the current match, while the 
area with the text will automatically scroll to the beginning of the current 
match. In this mode, the text in matches is highlighted in accordance with 
the color assigned to the document (Fig. 6.10). 

Matches can overlap each other, in which case they will be 
highlighted in several colors at once (colors will be mixed). In order to 
evaluate the match with one document and avoid overlapping with others, 
you can turn off the highlighting for one or several found documents. To do 
this, uncheck the "Selection" column and click "Apply". The number of 
matches will also be listed, and the number of matches with documents for 
which "Selection" is enabled will be displayed. The general report also 
contains image matches (Fig. 6.11).  

In this part of the report, there are paired images that the system 
considers to be a coincidence. Since perceptual hashing is used to determine 
the copies, there is a non-zero error. Therefore, found copies are not taken 
into account when calculating the overall percentage of document 
uniqueness. This information should help the expert working with the 
system to make a final conclusion about the uniqueness of this work. The 
system operator also has the opportunity to influence the test results by 
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correcting them. In this case, under each pair of images, there are options 
"Confirm" or "Remove match". If confirmed, the system will no longer 
display these options and it will be impossible to delete the match. Also, the 
operator can remove the match from the report if he thinks that the system 
has made a mistake. This operation also cannot be canceled, so the user of 
the system must be sure of his decision. 

Similar to working with coincidences in graphic images, there is a 
reflection and work with matches in formulas (Fig. 6.12). 

 

 
Figure 6.11 - General report. Viewing text matches 

 

 
Figure 6.12 - General report. Viewing Formula Matches 
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To find matches in formulas, they are converted to LaTex. Next, the 
structure of the formula is analyzed, regardless of the letters that were used 
to determine the values in the formula. Thus, formulas with the same 
structure will be identified by the system as matches. When working with 
the system, an expert can confirm or delete a found match. This method of 
working with formulas is not used for short formulas, therefore, when 
analyzing the structure, the complexity of the formula is also calculated. The 
complexity of a formula is determined by the total number of mathematical 
operations (addition, multiplication, raising to a degree, etc.) performed in 
the formula. The total number of components of the formula is also taken 
into account, for example, in the formula, there may be several equal signs. 
As in the case of image matches, these matches do not affect the overall 
percentage of document uniqueness and serve as an aid to the expert in 
making the final decision. 

Another way to view the search results for matches is to compare 
documents in pairs. This type of report can be viewed for each of the found 
documents. To go to pairwise comparison, you must click on the "Book" 
icon opposite the selected document for comparison. 

When comparing documents in pairs, the user of the system can work 
with text matches (Fig. 6.13). 

 
Figure 6.13 - Pairwise comparison of documents 
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In this type of report, the documents are located next to each other, 
which allows you to visually check the textual match. When you press the 
"Previous", "Next" buttons, you go to the previous or next fragment, 
respectively. In this case, the containers of both documents are scrolled to 
the place where the report starts. In this mode, the system user has access to 
the full text of both documents. The position of the containers is not fixed, it 
is possible to scroll through one or the other document to obtain additional 
data. You can return to the current match by pressing the button with the 
"Eye" icon, then both containers will be scrolled back to the position of the 
beginning of the match. 

In case the system was unable to recognize the quote automatically, 
the user of the system can designate the current match as a quote. The 
search system focuses on the correct designation of citation in accordance 
with the norms for the preparation of dissertations. Failure to comply with 
these guidelines or the use of other standards may result in the system 
omitting citations. If this same quote is found in another document, it will be 
marked as a match. 

Fuzzy search algorithms are used to search for text matches, 
therefore, erroneous responses are also possible here. The system user is 
given the option to completely delete the match if it is mistaken. This action 
cannot be undone, after removing any match (or marking it as a quote), the 
total percentage of uniqueness and matches in the document will be listed. 
The match search system does not aim to determine the exact uniqueness of 
the document, it only provides the expert with the necessary data and tools. 
The final conclusion about the uniqueness must be made by an expert. 

After the user has reviewed the information provided in the audit 
report and made the necessary adjustments, he can export the report to a .pdf 
file. To do this, go back to viewing the general report and select "Export 
report" from the document menu. The exported report includes general 
statistics for the document and information about the documents in which 
matches were found. The report shows the overall percentages of 
uniqueness, matches, and citations. For each of the documents in which 
matches were found, their names, authors, year of protection or publication 
of the work and the percentage of matches with the current document are 
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given. When generating a report, the system "cuts" the text fragments 
designated as a match, along with a certain amount of text before and after 
the match. This amount of text is measured in words and can be set in the 
system settings. If desired, the user can make this number equal to zero and 
receive only the text by matches in the exported report. But then fragments 
of matches will be taken out of context [143, 144]. 

The system has the ability to export a report to determine the 
coincidences in figures and formulas. This report will contain images in two 
columns. The right column contains an image from the checked document, 
the left - a found similar image. All found images are signed, information 
about the title, author and year of protection or publication of the work in 
which this image was found is provided. The report on found formulas is 
similar in structure to the report on found images. At the request of the user 
of the system, the types of reports can be exported as separate files or 
combined into one large file.  
 
6.2. Structural diagram of the support of dissertations 
 

In the scientific work support system, the roles of users are distributed 
as follows: 

• system administrators; 
• industry experts; 
• ordinary users. 
System administrators are engaged in the introduction of new work 

into the system and validation. The task of the administrator is to add all the 
work files necessary for analysis and further consideration. When entering  
work into the database, it is necessary to indicate a number of data, such as 
the title of the work, date of the protection, author, the field of science, 
supervisor, etc. These fields are required, besides them, there are a number 
of fields that you can fill in, however, they will not be used for analysis, but 
are entered for informational purposes only. 

 Each of the dissertations, except for the file of the dissertation itself 
and the abstract, must be accompanied by the following documents: 

1. Description of the documents of the certification file. 
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2. Title page. 
3. Decisions on the award of an academic degree. 
4. Present at the defense and voting results. 
5. Minutes - transcript (transcript of the meeting of the dissertation 

council). 
6. Cover letter. 
7. Registration and registration card (MES and UkrINTEI). 
After the administrator has entered all the necessary documents, the 

system analyzes them and validates them. The files are checked for 
correctness, they must be intact. The information about the dissertation is 
also being validated, the date of defense must not be in the future, the code 
of the field of science must be indicated correctly, etc. If all the data is 
provided correctly, the job is queued for checking the match search system 
in new jobs. At the same time, the system checks for the presence of experts 
on the subject (branch of science) of the loaded work. If the system gets 
work on a topic for which there are no specific experts, the system 
administrator is asked to select one of the existing experts to view this work. 
After that, the administrator's privileges are terminated, the check cannot be 
canceled, and the job is removed from the system. 

The dissertation work is checked for a number of signs and the subject 
of borrowing text, formulas, images or tables from other scientific works. 
Checking by attributes includes: 

1. Checking the voting results (whether there are votes against). 
2. Checking the basic education of the applicant (whether it 

corresponds to the field of science in which the applicant is being defended). 
3. Checking the scientific degree of the work supervisor (whether you 

have received a doctoral degree, compliance with the branch of science, 
etc.). 

4. Checking the volume of scientific work. 
Regardless of the results of checking the signs of scientific work, the 

work is also checked for borrowings. If a significant percentage of 
borrowing is found or the requirements are not met when checking by 
characteristics, the system appoints an expert to review the work. The 
scheme of work of the dissertation support system is shown in Fig. 6.14. 
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Experts in the scientific work support system are distributed by 
branches of science. One and the same expert can relate to several gases at 
once if his competence allows it. Accordingly, there may be several experts 
in certain industries. After the work has passed the check and a significant 
percentage of coincidences or non-compliance with certain criteria of the 
Ministry of Education and Science of Ukraine has been found, the work is 
assigned to an expert for review. The system chooses an expert at random, 
but at the same time tries to evenly distribute the load among the experts. 
The selected expert receives a notification of the assigned work by his email 
address. Upon entering his office, the expert sees the work awaiting 
verification. He can reconsider the coincidences with other scientific papers 
and the coincidences of images and formulas. The expert also gets access to 
all uploaded files, can download the original of any of them. After the end 
of the examination of the work by the expert, he is required to write a text 
output based on the results of the check. 

 

Figure 6.14 - Scheme of the work of the scientific work support system 
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Regular users can register in the system, but they do not have such 
powers as administrators or experts. They can review the review status of 
their work and access search results for matches. In order to access your 
own work, you need to create an account and get an account ID. After that, 
you need to provide the identifier to one of the administrators so that he can 
link the work to the user account. 

The scientific work support system supports the generation of 
documents. For each of the works loaded into the system and passed the 
break, a draft order is formed. The work itself is added to the list for 
consideration at a meeting of the Department for Attestation of Highly 
Qualified Personnel and Licensing of the Ministry of Education and 
Science. After the final consideration of the works, the administrator makes 
a decision on each of them and the status of the work changes to 
"Supported" or "Rejected". For supported works, the draft order goes to the 
final version, the administrator can use the function of automatic uploading 
of the order to the ministry's website (for this, its .pdf version is created). 

During the entire time of consideration of the work in the system, the 
user who has access to the work can see its status. There are only four 
statuses (Fig. 6.15): 

1. Loading. 
2. Automatic check 
3. Expert review 
4. Review (changes to “Supported” or “Rejected”) 
 

 
Figure 6.15 - Statuses of the loaded job in the system 

 
As soon as the work is uploaded and validated, it gets the "Uploaded" 

status. In the process of consideration, the status is changed, and  the 
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progress bar is  added to give changes to the status. Also, if the author is 
registered in the system and the administrator has provided this work for 
access from his account, the author has the option to include a message. 
Then, every time the status changes, the author will receive an email with 
information about the current status.  

In the system for checking the degree of uniqueness of scientific 
works, it is possible to flexibly adjust the levels of access to loaded works. 
For this, the system has the ability to create organizations and departments. 
The system user must necessarily belong to one of the departments. The 
department, in turn, must certainly belong to one of the organizations. The 
architecture of connections between elements is shown in Fig. 6.16. 

 

 
 

Figure 6.16 - Block diagram of one of the options for organizing 
departments 

 
Thus, in the system for checking the degree of uniqueness of scientific 

works, it is possible to repeat the structure of the organization in which this 
system is used. Access control levels are based on the organization's 
structure. There are three access levels in total: 

Organization 1 

Department 2 

Department 
 

User 2 

Department 3 

User 3  User 4 

Department 
 

User 5  

User 1 1 

Department 1 
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1. Own documents. 
2. Department level. 
3. The level of organization. 
The level of own documents limits the user's access as much as 

possible; he can operate only with those documents that he himself 
uploaded. All other documents, regardless of which organization or 
department the user is in, are inaccessible to him. 

The “department” level allows access to all documents uploaded by 
users of the current department and all subdepartments lower in the system 
hierarchy. Thus, user 1 located in department 1 (Fig. 6.16) with the 
“Department” access level will have access to all documents uploaded by 
him, as well as to documents uploaded by users 3 and 4. But he will not 
have access to documents uploaded users 2 and 5 

The Organization level grants access to any document uploaded by 
users who are in the same organization as the user with this access level. 

Users can have administrator rights. These rights do not affect access 
to documents. A user with administrator rights, but with the "own 
documents" access level, will not have access to other documents. 
Administrators of the organization can edit information about the 
organization, create departments and subdepartments, add new users to the 
system (Fig. 6.17). 

The interface of the system for determining the uniqueness of 
scientific works clearly demonstrates the hierarchy of the organization with 
the ability to add departments at any level. The nesting of departments can 
be as large as desired. The system does not limit the number or level of 
nesting of the sub-department. 

When adding a new user, the administrator cannot set him the level of 
access to documents higher than himself. That is, an administrator with the 
“Organization” access level can grant a new user any access level, whereas 
an administrator with “own documents” access level can only grant the 
same access level to a new user. Figure 6.18 shows the form for adding a 
new user by the administrator. 

 



CHAPTER 6 148 
 

Figure 6.17 - Organization structure management interface 
 

 
Figure 6.18 - Adding a new user to the selected department 

 
System administrators, in addition to entering the information required 

to log in to the system, such as email address and password, can also enter 
the name and title of a new user. This information allows you to better 
navigate the structure of the department (Fig. 6.19). 
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Figure 6.19 - View of the department page 

 
After adding a user, the administrator can edit information about the 

user, change any information or password (Fig. 6.20). 
 

 
Figure 6.20 - Editing an existing user 
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The administrator can also delete departments or users. Deleting a 
department is possible only if there is no user belonging to this department. 
All users of the department must also be removed or migrated. Deleting a 
user does not delete data about the user from the database, but only marks 
him as deleted. Such a user will no longer appear in the department's user 
list and will not be able to log in. 
 
 



 

CONCLUSION 
 

The monograph presents an analysis of modern graphic formats and 
editors used for raster schematic images in scientific texts, and the features 
of the topological structure of such graphic objects as diagrams and 
diagrams. This made it possible to create an approach to identifying 
complete or incomplete duplicates of these objects in publications, 
coursework, diploma or master's projects. The approach involves the 
analysis of schemes of algorithms and diagrams according to their spatial 
topology, that is, according to the peculiarities of the structure of 
connections between the nodes of a scheme or diagram.The system for the 
automated analysis of the spatial structure of circuits carries out their 
processing, which implies the implementation of filtering operations, 
analysis of structural elements of circuits, the formation of a description of 
circuits, visualization, segmentation and coding of the obtained data on the 
analyzed objects. The system provides the ability to analyze similarities and 
identify complete or partial duplication of schemes and diagrams based on 
the results of the coded representation of their topological structure, 
reflecting the connections between nodes, as well as checking the 
coincidences of text labels and explanations in diagrams and diagrams. The 
proposed method of automated analysis and coding of schemes and 
diagrams is applicable for comparing these graphic objects and their 
subsequent storage in the database of the system for detecting duplicates of 
electronic text documents.The complexity of the analysis and recognition of 
mathematical formulas contained in text documents is that in order to find 
incomplete duplicates, it is necessary to analyze not just a graphic image (by 
filtering, highlighting contours and applying specific comparison methods), 
but also a textual interpretation of the formula. This is necessary in order to 
identify an incomplete duplicate, provided that the designations of letters, 
symbols of mathematical operations, forms of brackets, etc. have been 
changed in the formula. Therefore, to find incomplete duplicates of 
mathematical formulas, a hybrid approach was developed that involves the 
use of templates created in accordance with the features of graphic editors 
and special converters of formulas from different formats to the canonical 
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format.The proposed hybrid scheme for comparing formulas checks the 
originality of a formula object analyzed both by Internet sources and by its 
own text bases with formulas. The scheme provides for the possibility of 
analyzing similarities and identifying complete or partial duplication of 
formulas both using the analyzed templates of formula objects, and using 
the conversion of mathematical formulas in various formats into a universal 
language of mathematical markup. A hybrid method for detecting 
incomplete duplicates in tables is proposed. This method allows you to 
identify the similarities in the text and numeric data of tables separately, and 
then summarizes the results. For text data, sequences are formed from words 
in canonized form, from which bit sequences are constructed based on the 
method of locally sensitive hashing. The similarity in this case is calculated 
based on the Hamming distance with a given threshold value. The 
identification of the similarity between the numerical data of tables is 
implemented based on the method of nearest neighbors with specified 
metric distances. The method allows one to identify incomplete duplicates 
available in the data of the input table in comparison with the set of tables 
selected from scientific publications and diploma and dissertation 
works.The information visualization module and the user interface in the 
software package for determining incomplete duplicates in electronic 
documents have been created and described. The schemes of differentiation 
of access rights in the system and support of dissertations are described.A 
systematic analysis was performed for the probabilistic thematic model of 
presenting text documents, in particular scientific documents with the use of 
specific subject terms that were represented by n-grams. It has been 
established that this model can be effectively used to solve the tasks to 
identify scientific subject spaces and to determine the completeness of 
covering the results of dissertation research by degree seekers.A formal 
description of the probabilistic thematic model was given for the problem of 
clustering publications of scholars by scientific areas. This is an important 
step in identifying scientific subject spaces. The verification of the described 
method on the basis of this thematic model produced the following results: 

– the problem of increasing the instability of clustering the citation 
graph was solved due to the reduction in the number of clusters; 
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– the number of obtained clusters of scientific subject spaces in other 
studies used to be about 500. In the case of clustering by the probabilistic 
thematic model with the regularizer R(Φ, Θ) it is about 250. 

A formal description of the probabilistic thematic model was made for 
the problem of evaluating the completeness of covering the materials of an 
author’s dissertation research in his/her scientific publications. Since there is 
not a large enough database of dissertation abstracts for training, it is 
difficult to specify the optimal values of the threshold coefficients H1 and 
H2. 

When checking the recognised completeness of covering the 
dissertation research materials of an author in his/her scientific publications 
(the volume of 20 texts), it was found that the coefficients H1 and H2 should 
be close to 5·10-5. 

For the detection of near duplicates in tables, a hybrid method can be 
applied that finds similarities between the text and numeric data separately 
and gneralizes the results. A similarity between data in the case of input text 
data is determined by the Hamming distance at the assigned threshold value. 
In the case of numeric data, similarity is determined based on the method of 
the nearest neighbours with specified metric distances, while the vectors, 
between which the distances are calculated, represent numeric content of the 
table with a decimal separator brought to a uniform format. 

The methods for identification of near-duplicates in electronic 
scientific papers containing content of the same type, for example, text data, 
mathematical formulas, numerical data, tables, schemes, diagrams, and 
other images were analyzed. The degree of proximity of fragments of an 
electronic scientific paper to the papers included in the scientific database is 
calculated for the text data by calculating the Hamming distance between 
the elements of indices, which are formed by the method of locally sensitive 
hashing. To compare numerical data, numerical sub-sequences are formed 
and Euclidean distance between the vectors that consist of these sub-
sequences is calculated. To compare mathematical formulas, the method of 
samples comparing is used. For graphic information, the method of finding 
key image points and the method of locally sensitive hashing for image 
pixels are used. If an image is a diagram or a chart, the text of an image is 
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separately selected and analyzed. The implementation of these methods of 
identification of near-duplicates made it possible to rationally organize the 
construction of the combined method. 2. The algorithm of implementation 
of the combined method for identification of near-duplicates, which 
combines the methods for identification of near-duplicates of various types 
of data, was devised. The algorithm made it possible to develop the test 
system that implements the method for the identification of near-duplicates 
in electronic scientific papers presented in HTML format. 3. To verify this 
method, we selected electronic scientific works of authors, which were 
divided into three groups according to the direction of research. The papers 
were analyzed for borrowings in the Turnitin system, using the Advego 
service and using the system that implements the combined method. It was 
found that the combined method allows identifying near-duplicates both in 
text information and comparing other objects of scientific papers with the 
database of scientific papers. In particular, according to the results of 
identification of near-duplicates in 35 electronic scientific papers, using the 
developed system, the use of the combined method made it possible to 
detect 3.4 % more borrowings than the method of identification of text 
borrowings. 
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