
ABSTRACT 
of dissertation work by Chinibayeva T.T. "Models and Methods of 

Management of Data with Heterogeneous Structures (Big Data)", submitted for 
the degree of Doctor of Philosophy (PhD) in the specialty 6D070400 - Computer 

Science and Software Engineering. 
 
The development of modern society and technology is associated not only with 

the digitalization of new areas of human activity, but also with the widespread 
introduction of research and data analysis technologies for the development of 
management decisions. 

Much attention is paid to the development of this issue throughout the world, in 
particular in Kazakhstan. An important document defining the main directions of the 
country's digital development is the state program "Digital Kazakhstan", adopted on 
December 12, 2017. The project passport states that in connection with a significant 
increase in the volume of data, the state will help create a large technological center 
for data analysis and ensure reliable operation, safety, integrity of national and state 
information resources, including the basis of existing initiatives.  

The relevance of the research topic is determined by the presentation of 
models and methods for managing big data with a heterogeneous structure, used to 
monitor and analyze information describing the activities of scientific organizations. 

The level of scientific character of the research topic. Over the past five to ten 
years, scientists from near and far abroad have contributed to the study of big data. In 
particular: A.F. Tuzovsky, L.V. Naykhanova, A.N. Soulless, V.A. Serebryakov I.S. 
Mikhailov, Yu.A. Zagorulko, Dietmar Bayer, K. Shahgeldyan, N. Guarino, N. Noy, M. 
Erig, A. Maedche, Yong Im Cho and domestic authors: A.A. Kuandykov, R.K.  
Uskenbaeva, T.G. Balova, A.A. Sharipbayev, I. T. Utepbergenov, R.R. Musabaev, U. 
A. Tukeyev, N.K. Mukazhanov. According to the results of scientific analysis of the 
problem of combining data with heterogeneous structures collected from different 
sources, knowledge in this subject area is unsystematic, and the lack of a unified 
approach to big data management determines the structure, purpose and objectives of 
the study. 

The aim of the research is to develop models and methods for managing 
scientific information with a heterogeneous structure. 

The object of the research is heterogeneous scientific data. 
The subject of the research is models and methods of managing data with a 

heterogeneous structure in order to ensure the semantic compatibility of documents. 
Research methods. The tasks posed in the course of the research were solved 

by methods of analysis of natural language texts, classification and software 
engineering. The results were presented by the apparatus of mathematical statistics and 
mathematical logic. 

The scientific novelty of the dissertation is based on the borrowing of terms 
from the announcements of scientific conferences, as well as the development of a new 
algorithm for creating an ontology for a specific area of scientific knowledge using 
information obtained from search engines on the Internet. The evaluation of the 
computational complexity of its implementation is mathematically substantiated. 



Distinctive features of the developed algorithm: automatic selection of terms in the 
field of study; the possibility of using other areas of scientific knowledge without 
changing the algorithm for creating ontologies; does not require specialist manual 
labor. Also, an algorithm was developed for identifying pairs of terms from a set of 
texts on a given topic. Unlike other classical algorithms, the term pair separation 
algorithm has shown high efficiency when comparing texts using classification and 
clustering. It is mathematically proved that the estimation of the complexity of the 
calculation and the main function of the weight of the term in the heading correspond 
to the requirements for it. 

The following results are recommended for the defense of the thesis. 
- Based on the results of studying the subject area when describing the results of 

a scientific organization, the development of algorithms used when working with big 
data with a heterogeneous structure using ontologies; 

- a formal description of system queries created using the SPARQL language, 
which provides the necessary information in the ontology; 

- It has been proven that the weights of headings in headings that are part of the 
algorithms for creating ontologies of certain areas of scientific knowledge and for 
extracting pairs of terms from text collections meet the requirements of the basic 
function; 

- Analytical assessment of the complexity of the developed software. 
Theoretical and practical significance of the work: scientific novelty and 

practical significance of the research are high. The research results are used to combine 
heterogeneous data and use them for further processing. 

Approbation of work and publication.  
The main provisions and scientific results of the work were reported and 

discussed at domestic and foreign international scientific conferences: The 14th 
International Conference on Control, Automation and Systems, ICCAS 2014 (South 
Korea, Busan, 2014); The 15th International Conference on Control, Automation and 
Systems, ICCAS 2014 (South Korea, Guangzhou, 2015). 

The dissertation work was discussed at scientific seminars organized by the 
Department of Computer Engineering of the International Information Technologies 
University and in scientific seminars organized by the Faculty of Computer 
Engineering at Gachon University (South Korea, Seoul). 

The main results obtained during the implementation of the dissertation work 
were published in 12 printed publications, of which 5 articles were published in 
editions recommended by the KKSON MES RK, 7 articles were published in 
collections of international conferences (Kazakhstan, South Korea, Latvia) 1 article 
was published in editions, indexed by the Scopus database (percentile 36%).  

The structure and scope of the thesis. The structure of the thesis consists of an 
introduction, four chapters, a conclusion, a bibliography and an appendix. The total 
volume of work is 105 pages, including 38 figures, 11 tables, 77 list of used literature, 
3 appendices. 

The introduction provides an overview of the subject area and highlights key 
issues in this area. The significance of the dissertation is substantiated, the goal and 
requirements are formulated. 



The first section is devoted to the current state and place in the market of big data 
technologies. To obtain reliable indicators of the effectiveness and focus of a scientist's 
research activities, a tool is needed that allows individual structural units to collect and 
analyze the scientist's works. 

Big data technology plays a special role in the management of scientific 
information. Analysis of information systems used to solve similar tasks and presented 
on the Internet, allowed to distinguish several group systems, most of which are 
bibliographic and abstract databases of data, in the science portal Google, in the privacy 
of the Web. They combine these or other degrees in their functions, such as indexing 
and research. Part of the system, for example, M.V. The ISTINA MSU system. M.V. 
Lomonosov, information and analytical system of the Astrakhan State University 
"Results of scientific activity", the system of PURE company Elsevier carry out 
monitoring of scientific activity and results of the organization. A comparison of the 
characteristics of the largest web services used to manage scientific information in the 
world is given in Table 1. 

 
Table 1 – Methods and tools of scientific information management 

Methods of scientific 
information management 

Advantages Disadvantages 

Quantitative conclusions 
based on research report 
information 

counts manually and writes 
down the numeric index 

quality of work is not 
considered 

Expert opinion of the 
materials of the conference 
and the journal 

The expert conducts high-
quality and meaningful work 

Articles are published 
in different languages 

Analysis of main articles Reduced stress through 
annotation 

Information not 
included in the 
annotation will be 
excluded 

Keyword search The electronic version has a 
large amount of text 
information 

actual demand is not 
covered 

 
Big data technology plays a special role in the management of scientific 

information. Analysis of information systems used to solve similar tasks and presented 
on the Internet, allowed to distinguish several group systems, most of which are 
bibliographic and abstract databases of data, in the science portal Google, in the privacy 
of the Web. They combine these or other degrees in their functions, such as indexing 
and research. Part of the system, for example, M.V. The ISTINA MSU system. M.V. 
Lomonosov, information and analytical system of the Astrakhan State University 
"Results of scientific activity", the system of PURE company Elsevier carry out 
monitoring of scientific activity and results of the organization. A comparison of the 
characteristics of the largest web services used to manage scientific information in the 
world is given in Table 2. 



At the end of the first chapter, the main shortcomings of the currently known 
systems for processing and analyzing scientific data are listed, which could be 
considered as possible solutions to the main problem. These disadvantages include: the 
complexity of data entry; the complexity and low ability to search for information; the 
use of rigid and uninformative models of the field of knowledge, lack of flexibility of 
systems; focus on processing information from the Internet, and not on semi-automatic 
input by the user; insufficient attention to the intellectualization of algorithms for 
loading, processing and retrieving information. 

Table 2 - Comparison of the characteristics of the main web services 
 № Title Authorized body Advantages Disadvantages Data 

format 

La
rg

e 
w

eb
 se

rv
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e  

1 Web of Science Thomson Scientic Articles in 
the system 
since 1900 

The request is executed 
only by the keyword 

.TXT 

2 Scopus Elsever Covers the 
entire 
subject area 

The request is executed 
only by the keyword 

.TXT 

3 Google Scholar Google Articles that 
are accepted 
but not yet 
published 
are taken 
into account 

There are substandard 
and fake scientific 
publications 

.TXT 

Fo
re

ig
n 

pr
oj

ec
ts

 

1 Bibster University of 
Karlsruhe, 
University of 
Amsterdam, Bank of 
Dresden 
 

Outputs data 
from the 
system in 
RDF format 

Information is loaded 
into the system via a 
structured file 

BibTeX 

2 JeromeDL Gdansk (Poland) 
University of 
Technology, DERI 
Institute for Digital 
Research (Ireland) 

The system 
can classify 
and contain 
electronic 
information 
in a database 

Information is entered 
into the system in a 
structured manner or 
manually. complex 
queries are not 
performed, 
information is entered 
manually 

BibTeX, 
Marc21, 
Dublin 
Core 

3 Flink University of 
Amsterdam 

Defines the 
area of the 
interface of 
scientists 
based on a 
keyword 

Collects manually the 
ontology of the 
required subject area 

FOAF, 
SWRC 

4 AIR University of 
Wolverhampton 
(UK) and Alicante 
(Spain) 

The system 
collects 
information 
from web 
pages in the 
DC structure 

No complex ontology 
modeling the subject 
area 

Dublin 
Core 

SD
B

  Semantic database Open Sourse Available to 
any software 
developer 

Providing a logical 
connection 

RDF(s), 
OWL, 
SPARQL 

R u s s i a n s y s t e m
  

1 «ISTINA» Russia Moscow Available to Providing a logical RDF(s), 



any software 
developer 

connection OWL, 
SPARQL 

2 "Results of 
scientific activity" 
of Astrakhan 
University 

Russia, Astrakhan Available to 
any software 
developer 

Providing a logical 
connection 

RDF(s), 
OWL, 
SPARQL 

 
 
The second section presents architectural and technological solutions used in the 

system of automatic control of scientific information. 
Assume that D is the area of scientific knowledge (for example, computer 

science). Let I be a set of descriptions of the unit of scientific and technical information 
in this area of knowledge (atomic measurement). Such blocks relate to: scientific 
articles; patents; reports; reports read at conferences; statements of accounting; 
monographs; textbooks and others. author's works (abstracts, translations). Each 
element of the multiplicity I contains a text description of the corresponding object. 

The main purpose of the system is the execution of the search-analytical request. 
Indicate the number of typical queries with the symbol Q. The task is expressed by the 
expression q∈Q 𝑟1: 𝑄 → 2!	with the characteristics of the block of scientific and 
technical information 𝐼" ⊆ 𝐼. 

 

Figure 1 - General architecture of a scientific information management system 



The general scheme of the system is presented in Figure 1 and consists of the 
following models: 

- to distinguish the terms describing the area of scientific knowledge D, from the 
text description of the scientific and technical conference, dedicated to the area of 
knowledge; 

- D creation of the considered ontology in the field of scientific knowledge; 
- download data on the results of the scientific database of employees; 
- to establish a link between the instance, collected in the field of education, and 

the information downloaded from the results of scientific research; 
- Execution of the analytical request on the received information; 
- The general scheme consists of the following stages: 
- D to distinguish terms describing the area of scientific knowledge (key word); 
- Development of ontology areas of scientific knowledge D; 
- Downloading of information differs depending on the area of science; 
- to establish communication between the concept of the developed ontology and 

scientific conclusions of users; 
- A sample that responds to queries contains a summary of the information 

received. 
The next step is to describe each step. Was obtained with the help of semantic, in 

particular, linguistic and statistical methods for the separation of terms describing the 
field of knowledge. During the development of the algorithm for distinguishing terms, 
the following definitions were formed. 

In accordance with the requirements for the system, the prototype developed by 
the author assumes the following three possible data entry methods: 

- analysis of bibliographic references; 
- parsing BibTeX records (BibTeX, MathML, LaTeX, FinXML); 
- fill in the fields manually. 

 
Figure 2 - Ontology SWRC (fragment) 

 



Rules of bibliographic links. Obtaining information from bibliographic links is the 
task of obtaining information from unstructured text. Algorithm of conditional field 
fields (CRF), which showed the greatest influence on the results of testing the method 
of adjustment of referenced bibliographic links. The FreeCite software package, 
developed at Brown University in the United States, was used in the CRF ++ library, 
which implements this algorithm. 

 

 

 
Establishment of a relationship between the existing model in the field of 

education and information obtained from the downloaded texts, consisting of the 
results of scientific work of students, is necessary for the implementation of analytical 
requirements. From the document used up to this level, only the amount of information 
about the scientific work of the employee differs. 

Ontological action, related to knowledge, allows the use of current and past 
approbation of algorithms performing analytical queries. In particular, rewriting a 
query using an ontology can be performed automatically using a logical output 
mechanism. 

Here is an example of a query that allows you to get the publication 2020 for the 
development of software security ("Software Engineering") to demonstrate the syntax 
of the language SPARQL. 

 
Description of the algorithm for selecting terms from a set of texts with given 

thematic sections. Suppose that W - ε is the majority of all words found in all 
documents, including the empty word Doc, and PW is a pair of all ordered words, that 
is PW = W * W. The document d represents d: N → W, for each natural number of n 
words in n-m direction in this set of documents. Figures without words (after the end 
of the document). Correspondingly, the new line p is assigned in the specified 
paragraph as p: N → W, which corresponds to each positive whole number of words n 
in n-th position. The number of the place where the word is not written is marked as an 
empty word. All new lines in the set are marked with the letter P. r only the documents 



that form the title, and more precisely - r∈2 ^ Doc. The capacity of the title is the same 
as the size of the documents in it. will be determined. Let's define the majority of data 
titles R.  

We also highlight a number of additional functions: 
- 𝜏#: 𝑃𝑊 → 𝑊, 𝜏$: 𝑃𝑊 → 𝑊 – a pair for many other words, in which a pair of 

words corresponds to the first word (corresponds to the second); 
- 𝐹𝑟𝑒𝑞: 𝑃𝑊 ∗ 𝐷𝑜𝑐 → ℕ ∪ {0}- 𝑑 ∈Doc a function that determines the number of 

pairs pϖ∈PW entered into the document; 
- 𝐹𝑟𝑒𝑞:𝑊 ∗ 𝐷𝑜𝑐 → ℕ ∪ {0} - 𝑑 ∈ introducing a pair w∈W into a document a 

function that determines a number 
- 𝐿(𝑑) = |{𝑛 ∈ ℕ|𝑑(𝑛) ≠ 𝜀}| - 𝑑	- document length; 

- 𝑖𝑑(𝑎) = 𝑎 – similar image; 
𝐴𝑣(𝑓, 𝐴) = ∑ &(()!∈#

|+|
 - A - the average value of the function f in the last. 

For example, Av (|∙|, R) is the average number of documents in the header, 
𝐴𝑣(𝐿, 𝐷𝑜𝑐)  is the average length of the document, 𝐴𝑣(𝑖𝑑, 𝐴) is the arithmetic average 
of the set 𝐴 = {𝑎#, … , 𝑎,}. 

The algorithm consists of four stages. In each of them, using some rules, the set 
𝑀- and 𝑀-.# obtained in the previous step is selected. At the first stage, a selection is 
made from a set of PWs (all pairs of words), i.e. 𝑀/ = 𝑃𝑊. The 𝑀0 set is a pair of 
terms that satisfies all four dimensions. 

An algorithm for constructing an ontology of the field of scientific knowledge 
based on a collection of scientific conference announcements, divided into headings, 
as well as information from search engines on the Internet. Conference announcements, 
called call for papers (CFP), are used as the main data source for constructing an 
ontology. This approach has important advantages. In particular, it allows one to obtain 
sufficiently reliable, relevant and complete information about the field of scientific 
knowledge. 

 



 
Figure 3 - Algorithm for constructing an ontology in the field of scientific knowledge 

Google Normalized Distance (NGD) is a generic term used to define the level of 
semantic similarity between two terms. Let A and B be terms and N be the total number 
of pages indexed by the search engine. Then the level of semantic similarity NGD 
between A and B is determined by the following formula: 

 
𝑁𝐺𝐷(𝐴, 𝐵) =

max	{log ℎ𝑖𝑡𝑠(𝐴), log ℎ𝑖𝑡𝑠(𝐵)} − log ℎ𝑖𝑡𝑠("𝐴	𝐴𝑁𝐷	𝐵")
log𝑁 −min{log ℎ𝑖𝑡𝑠(𝐴), log(𝐵)}  

 
The next step in the algorithm is to build a hierarchy of terms. The classical 

algorithm for constructing a hierarchy of concepts using linguistic templates, 
developed by Hirst, turns out to be ineffective for building a hierarchy of scientific 
directions. Within the framework of this work, linguistic templates have been 
developed specifically to solve this problem. The main template looks like 

 
𝐴	𝑖𝑠 ∗ 	𝑘𝑒𝑦𝑤𝑜𝑟𝑑 ∗ 𝑝𝑟𝑒𝑝(𝑎𝑢𝑥)? 𝐵 

 
Conclusion. The thesis describes methods and techniques for building a scientific 

information management system. The theoretical basis for action is ontology. The 
version proposed by the author of the system includes such templates as query 
execution, ontology and results of scientific work of scientists, a template for loading 
information, a template that forms a formal model in the field of education. 
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