
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 

SOS BAe > 

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, Vladislav 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. 

DOT: 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 

PRO fAC Cri gun rag icbarke ny ing onic Ager Bes eRe Ck Tee <i oe sce t 

1. EXPLORING RESEARCH-RELATED DESIGN: 

A COMPREHENSIVE INFORMATION SYSTEM 

FOR KNOWLEDGE PRODUCTION — ONTOCHATGPT 

(Kyrylo: Malakhov) oa eee ni ee a, 8 

IntrodUctionused pee er aoe hte ce 8 

1.1. Complex information system for knowledge production 

in the RDWE class — OntoChatGPT .................0005 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 Pl a.dce saneecuh isos aes ce 18 

1:1.4. Methodology for using the RDWE system 
OntoChatG P74 he wenn ee hnicee Od dee 24 

1.2. Experimental validation of the RDWE system 

OntoChatGPT and analysis of results .................000. 32 

123 CONCIUSIONS ete ten eee ee ee ee en 5 ay 

PAP RETETENCES © < ecrg nro ce a AER Ree te ga 39 

2. ONTOLOGY RELATED NATURAL TEXT SEMANTIC 

ANALYSIS APPROACHES (Vladislav Kaverinskiy) ............ 42 

2.1. Introduction — NLP and NLU relation with knowledge 

ENSIM CCTM Sarge eerie ee eee re ee es iy G 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 ............0.-0 00s 44 

2.1.4. Ontology and graph databases ...............0 enous 46 

2.2. Automatic knowledge bases building on natural language 

{Roden Siecat cin cine era aE cin OA eee pe erie ee ne 46



2.2.1. Regularly structured text sets 20.000... 0... cece eae 

2.2.1.1. Texts with regularly predefined structure 

as a base for ontology..................0000 

2.2.1.2. Automation of ontology creation based 

on regularly structured texts ...............4. 

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...............0.000, 

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 ................. 0... e eee 

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 ......... 00.000. c cee eee e eee 

2.4.2. An experiment on the reverse synthesis of natural 

language sentences based on their ontological 

representation with the involvement of a large 

languae ermodelps 7445405 pia eee: 

D'S, RELETEN CES (oi.8,ai ius SU ee ee) 

3. COMPLEX AUTOMATED COMPETITIVENESS 

DIAGNOSTIC SYSTEM OF FUTURE IT-SPECIALISTS 

(Liliya Ivanova) 60.0.6 tn teens 

MrVETOGUCEIO Me eee a eee ry ey Sree ee ee es 

3.1. Automated competitiveness diagnostic system of future 

information technology specialists ..................0005 

3.2. Results of the automated competitiveness diagnostic system 

of future information technology specialists .............. 

SSP CONnclUSIONS hm. sem et iat Ere eae te 

34 SReferences iaiiiet erator kote colnet aaah 

4. PERSPECTIVE-CORRECT FORMATION OF GRAPHIC 

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

4.1. Features of forming realistic three-dimensional graphic 

NOSES ASR tn ern oe Site ben He eee eee 

4.2. Perspective-correct color reproduction when interpolating 

COlOMINLENSILIES Hy eee ee eye ee ae ees 

4.3. Determination of vectors to take into account the perspective 

of athree-dimensional scene .............. 00000000000. 

4.4. Analysis of methods for approximating perspective-correct 

TEXCUTING, cence EES oa OO AI TT Re EE 

4.5. Recurrent determination of texture coordinates ........... 

4.6. Using quadratic approximation for perspective-correct 

LOXCURIN DS yp erseseremie cence mae eS eer eee orale eyes crt Lys 

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=comrect texturing) 938) -ee a Eee 

A VOMCONCIMUSIONS ae in. aed es tee bee eee ee 

APIMERRCICTENCESte ye yore ey eye in ere ee 

5. ABOUT THE INFORMATIZATION OF PHD-STUDENTS’ 

ACADEMIC AND RESEARCH WORK (Svetlana Voinova) .... 

Sel NtrOductione «ac 45 soe se eae oe ee ae os



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

5.3. The purpose and tasks of the research .................05. 178 

SA Researcheresults® 4 oo, ee oe ee 179 

DO COMclIMOlssseer ere cee ee ee ee 198 

DIO, REIEIUMUGhe 1 ca. et, ug 199 

6. DEVELOPMENT OF ACCESSIBLE TECHNOLOGIES 
FOR CREATING THREE-DIMENSIONAL MODELS 
AND PRINTING THEM ON A 3D PRINTER (Sergii Kotlyk, 
Oksana-Sokolovaye, 46s o.. .  O , 202 

ItROAU CHONG eee ae onl go rene rem ene 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 .................0000ee. 215 
6.3.2. Use of photogrammetry in everyday conditions ....... 220 

6.3.3. Experimental studies of the effectiveness 

of the proposed technology ...............00. 000s 227 

6.3.4. Features of processing the test model and its FDM 

PUUTINS, AE ts a Oe ise Cae ee OS ee, a. 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 

OAs kainect device desion- ee 247 

6.4.4. Scheme of using Kinect for scanning purposes ........ 52 

6.4.5. Kinect software analysis ........... 00000 eeeeeeeeee 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 

KIN Clay reine es ee ene te eB 263 

6.4.8. Printing a model on a 3D printer using FDM 

LEChNOLOS Vos SW: ae A oe OE ea, 267 

GS Conclisiony i fot. ee ee 269 

OO Refetencese a ee ee ee 271 

LAST OP QUAN OUSY apes enced BR EAA A EL 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 ChatGPT, 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.


