MODERN

INFORMATION TECHNOLOGIES

IN SCIENTIFIC RESEARCH
AND EDUCATIONAL ACTIVITIES

Sergii Kotlyk
Editor-in-chief

IOWA STATE UNIVERSITY

Digital Press



MINISTRY OF EDUCATION AND SCIENCE OF UKRAINE

Odesa National University of Technology

MODERN INFORMATION
TECHNOLOGIES
IN SCIENTIFIC RESEARCH
AND EDUCATIONAL ACTIVITIES

Monograph
Scientific publication (issue)

Editor-in-Chief
Sergii Kotlyk

lowa State University Digital Press
Ames, IA, United States
2024



E-ISBN 978-1-958291-07-8

SO 982

UDC 004.01/08

M

Reviewers:

Andrii Pukas, DSc, Prof., Head of the Department of Computer Sciences of
the West Ukrainian National University;

Serhiy Shestopalov, PhD, associate professor of the Department of Comput-
er Engineering of Odesa National University of Technology;

Oleksandr Shpinkovskiy, PhD, Associate Professor of the Department of In-
formation Systems of the National University “Odesa Polytechnic”

Editor-in-Chief Sergii Kotlyk, Director of the Educational and Sci-
entific Institute of Computer Engineering, Automation, Robotics and Pro-
gramming, PhD, Odesa National University of Technology

Team of Authors: Liliia Ivanova, Viadislav Kaverinskiy, Sergii
Kotlyk, Kyrylo Malakhov, Oleksandr Romanyuk, Oksana Romaniuk, Oksana
Sokolova, Svitlana Voinova

Recommended by the Academic Council of the Odesa National Univer-
sity of Technology (Protocol Ne 11 dated 06.02.2024)

Modern information technologies in scientific research and edu-
cational activities : Monograph / Ivanova L., Kaverinskiy V., Kot-
lyk S. et al; Editor-in-Chief Kotlyk S. — Iowa State University
Digital Press, Ames, IA, United States, 2024. — 273 pages.

DOI: 10.31274/isudp.2024.151

E-ISBN 978-1-958291-07-8

The monograph summarizes and analyzes the current state of scientific
research in the field of interactive artificial intelligence systems, text gener-
ation systems, diagnostics of the competitiveness of specialists, in the areas
of correct color rendering in image formation, informatization of the work
of graduate students, accessible technology for creating 3D models.

The monograph will be useful both to specialists and employees of com-
panies working in the IT field, as well as teachers, masters, students and
graduate students of higher educational institutions, as well as anyone inter-
ested in issues related to information technology.

The monograph was compiled based on the results of the XVI interna-
tional scientific and practical conference “Information technologies and
automation — 2023”, which took place in October 2023 at Odessa National
University of Technology.

UDC 004.01/08

© Ivanova L., Kaverinskiy V.,
Kotlyk S. et al., 2024

Content

Preface: i riirssdat a i e o o f e Suh bR - s 7
1. EXPLORING RESEARCH-RELATED DESIGN:
A COMPREHENSIVE INFORMATION SYSTEM
FOR KNOWLEDGE PRODUCTION — ONTOCHATGPT
(Kyrylo- Malakhov): v e e e e e e 8
Introductionssad ot s Fri vt bt et ihe iy o i e e 8
1.1. Complex information system for knowledge production
in the RDWE class — OntoChatGPT ..................... 10
1.1.1. Current state of development of service-
and knowledge-related information systems:
the influence of large language models ............... 13
1.1.2. Models and methods for implementing
the composition of problem-related web services . ...... 16
1.1.3. Models, methods, and services of the RDWE system
OntoChatG R vocie: ir et ity ek lbg . one oo 18
1:1.4. Methodology for using the RDWE system
OntoChatGPRA2 vl v i iy B RS s s Sl 24
1.2. Experimental validation of the RDWE system
OntoChatGPT and analysis of results ..................... 32
173 @ ONClUSIONS e e e N e e 3
| R CICNCES fe st e b e RS T ol S 39
2. ONTOLOGY RELATED NATURAL TEXT SEMANTIC
ANALYSIS APPROACHES (Viadislav Kaverinskiy) ............ 42
2.1. Introduction — NLP and NLU relation with knowledge
ENZINCEHNgAT Seraiall sia i o s S e e P I 42
2.1.1. Concept and role of ontology in computer science . ... .. 42
2.1.2. Definition and main tasks of ontological engineering . . .. 44
2.1.3. Automated creation of ontologies ................... 44
2.1.4. Ontology and graph databases ...................... 46
2.2. Automatic knowledge bases building on natural language
texishe TEMBE S el Sl 3 o e el e L 46



2.2.1. Regularly structured textsets .......................

2.2.1.1. Texts with regularly predefined structure

as abase forontology . ......................

2.2.1.2. Automation of ontology creation based

on regularly structured texts . ................

2.2.1.3. An example of automated construction

of an OWL-ontology on medical rehabilitation

based on EBSCO article files ................

2.2.2. Plain text syntactic and semantic analysis

for knowledge graphs extraction.....................
2.2.2.1. Semantic texts analysis in ontology

engineering adapted to inflective languages . . . . .
2.2.2.2. Semantic analyzer for knowledge graphs

building from a natural language text ..........
2.2.2.3. Intermediate files of semantic analyzer results . . .
2.2.2.4. Creation of OWL-ontology based

on the results of text analysis .. ...............

2.3. Short natural language massages analysis for automatic
SPARQL and Cypher queries formation ...................
2.3.1. The proposed approach to formal queries creation

based on natural language users’ massages analysis . . . . . .
2.3.2. XML templates for queries in the Cypher language .. ...
2.3.3. The method of automatically forming requests

according totemplates .................. .. ... .....
2.3.4. Automatic generation of SPARQL queries

to contextual ontology using the example

of a knowledge base of EBSCO medical articles . ... ....

2.4. Usage of large language models for natural language texts
generation basing on data extracted from ontology ... ........
2.4.1. Natural language phrases building basing

on semantic Structures . ...........................
2.4.2. An experiment on the reverse synthesis of natural
language sentences based on their ontological
representation with the involvement of a large
languageimodelb rit s st i e e

2.5, RE[CTENCES (o s wointio mE et Fim e Sty Rretinnd ) 10 101 0 6

3. COMPLEX AUTOMATED COMPETITIVENESS
DIAGNOSTIC SYSTEM OF FUTURE IT-SPECIALISTS

(Liliya Ivanova) ............ .. .. ... i iiiiiiinnnninn.
I oAU G0 N e e R s

3.1. Automated competitiveness diagnostic system of future

information technology specialists . ... ..................

3.2. Results of the automated competitiveness diagnostic system

of future information technology specialists ..............
s Gl IO s s i o & oo e e el LRt
34 SRefeTeNCESh fipt it Ay okt R W o, B0 e o ot oyce ol

4. PERSPECTIVE-CORRECT FORMATION OF GRAPHIC

IMAGES (Oleksandr Romanyuk, Oksana Romaniuk) . ........

4.1. Features of forming realistic three-dimensional graphic

TN ZE Sh et SRR Wl Sl s S b O i e e

4.2. Perspective-correct color reproduction when interpolating

colonintensiticsirmarni e wsiar s e o ot i pbap ey

4.3. Determination of vectors to take into account the perspective
of a three-dimensionalscene ..........................

4.4. Analysis of methods for approximating perspective-correct

TEXTUTING, ..ot 09 5 0 A SOL DE LU GRS BT Deiteey.
4.5. Recurrent determination of texture coordinates ...........

4.6. Using quadratic approximation for perspective-correct

LEXTUTIN DA E Frtsy e s 5o, 1.0 s st el t yan-y byag (i v epin wmmy conm b0, fs

4.7. Usage of second-order Bézier curves to simplify

the calculation of texture coordinates ...................
4.8. Non-orthogonal rasterization methods ..................

4.9. Determining the direction of rasterization to speed up

PErspective-conrect texturing? . 4 S ATt = SR T f s
450N @ ONCIUSIONS i o o e R
A R e Te TIC e S e R o

5. ABOUT THE INFORMATIZATION OF PHD-STUDENTS’

ACADEMIC AND RESEARCH WORK (Svetlana Voinova) . . ..
S INITOAUCHONT S s e e o e el e (s



5.2. Analysis of literary data and statement of the problem . . .. ... 177

5.3. The purpose and tasks of the research . ................... 178
SAResearchiresults edBay raaiimg st i e o AT s o L 179
Y CoNCSIONS St e e e s T 198
BN 1o 05 e s e S e s P 199

6. DEVELOPMENT OF ACCESSIBLE TECHNOLOGIES
FOR CREATING THREE-DIMENSIONAL MODELS
AND PRINTING THEM ON A 3D PRINTER (Sergii Kotlyk,

Oksana-Sokoloya)-.. . 7 = o i 202
Introductions ez sirs s i -k ol 7 i e e g 202
6.1. Benefits of using 3D printing and 3D modeling ............ 205
6.2. Features of creating 3D models using scanning . ............ 211
6.3. Creating 3D models using photogrammetry technology ... .. 215
6.3.1. Basics of photogrammetry . ....................... 215
6.3.2. Use of photogrammetry in everyday conditions .. ... .. 220
6.3.3. Experimental studies of the effectiveness
of the proposed technology ....................... 227
6.3.4. Features of processing the test model and its FDM
PHRENE AL ey L e i o Sne e 229
6.4. Creating 3D models using the Kinect device ............... 239
6.4.1. Comparison of the Kinect with industrial scanners . . .. 241
6.4.2. Using the Kinect device to scan models ............. 245
G Kaneedevicedesigns . T e e 247
6.4.4. Scheme of using Kinect for scanning purposes . . ...... 570
6.4.5. Kinect software analysis ....................c.c..... 255

6.4.6. Available scanning technology using a Kinect device . .. 259
6.4.7. Creating a test 3D model of a human torso using

eheetre e I e i s 263
6.4.8. Printing a model on a 3D printer using FDM
technolegyede iz T v So v tvs i o Gosr i ol 267
G5 COnCeliSION e s e e 269
GG Refeteficese 0 e am s e e e 271
LIS 0] GULIONSE bl pie it s A i 273
6

Preface

Nowadays, there is a rapid development of information technology,
which entails the need to constantly improve and expand the capabilities of
interactive artificial intelligence systems. This monograph combines several
current topics related to the field of information technology.

One of the key topics is the methodology for enhancing the capabilities
of conversational systems, with a focus on ChatG PT, which represents the
latest advance in the field of artificial intelligence. The monograph also dis-
cusses text generation systems based on ontological representations, which
open up wide opportunities for creating high-quality content.

A special place in the work is given to an automated computer system
for diagnosing the competitiveness of specialists in the field of information
technology. This helps to effectively assess the professionalism of specialists
and determine the need for advanced training.

Theoretical aspects of correct color rendering and informatization of
educational and research work of graduate students are important in ensur-
ing the quality of education and scientific research.

And finally, the use of technology for creating 3D models has
becomeari’ integral part of the modern information environment,
whichmakes it possible to bring the most daring ideas and projects to life.

Research and development in these areas contribute to the improvement
of information technologies, finding application in various fields of activity.
The purpose of our monograph is to conduct analysis and research in these
areas in order to promote the development of information technologies and
increase their efficiency.

The monograph was compiled based on the results of the XVI interna-
tional scientific and practical conference “Information technologies and
automation — 2023”, which took place in October 2023 at Odessa National
University of Technology.



