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Preface of the 35th Conference of
Open Innovations Association FRUCT

On behalf of the organizing team, I welcome you to the 35th Conference of Open Innovations
Association FRUCT. This year, the conference is hosted by the Tampere University. The
FRUCT35 conference embraces a hybrid format, combining onsite participation in Tampere,
Finland, with online engagement through MS Teams.

Building upon a rich legacy of fostering enduring academic and business collaborations, the
FRUCT conference has consistently been at the forefront of innovation. The program for this
conference comprises 10 sessions, featuring a keynote talk and invited talk, demo and poster
section, and the 8th DataWorld workshop. Spanning three days, the conference program
accommodates both onsite and online participants. The first day of the conference (April 24,
2024) is primarily dedicated to attendees present in person. The second and third days (April 25-
26, 2024) are reserved for online sessions. Consequently, the conference proceedings are tailored
to optimize the experience for both onsite and online participants.

For the onsite portion of the conference, we will adhere to the traditional format of presentations.
Furthermore, the onsite sessions will be live streamed via MS Teams, ensuring that remote
participants can also benefit from these sessions. As for the online component, all presentations
have been pre-recorded by the authors and uploaded to YouTube. The conference program
includes links to individual presentations as well as playlists encompassing all talks for each
section. To manage your participation effectively, please consult the conference program
brochure, which can be downloaded from www.fruct.org/program35.

The online conference sessions consist of two modules. Firstly, we encourage you to watch the
pre-recorded presentations on YouTube. The conference program provides playlists for each
session along with links to the individual presentations. Secondly, the sessions feature a
question-and-answer segment, during which attendees can interact with the authors of the papers
presented. These Q&A sessions will take place on MS Teams. We kindly request all paper
authors to join their respective Q&A sessions and respond to questions from the conference
attendees. The conference program includes designated time slots and corresponding MS Teams
links for these sessions. We encourage you to allocate time beforehand to watch the relevant
videos. Additionally, we invite you to provide feedback to the conference authors through likes,
dislikes, and comments on the YouTube videos. We also encourage you to subscribe to the
FRUCT channel for updates and future content.

We are proud to announce that the conference is technically sponsored by IEEE. All conference
papers have undergone rigorous peer reviews. Full papers were selected based on stringent
criteria, including research quality, paper length, structure, format, and other formal
requirements. Each full paper submission was reviewed by at least three expert peers, and
acceptance was granted only to those that received positive review comments. Authors were
given the opportunity to address all review comments or provide compelling justifications if they
chose not to implement specific suggestions. The second volume of the conference proceedings
accommodates all other accepted submissions that were not classified as full papers and were not
submitted to IEEE Xplore. This partitioning of the proceedings ensures that the highest quality
FRUCT publications can undergo proper international indexing and be published in renowned
databases such as Web of Science.

We are delighted to present the proceedings of the 35th Conference of Open Innovations
Association FRUCT. With a total of 94 conference submissions, we are proud to announce that
35 papers have been accepted for publication as full papers, resulting in a commendable
conference acceptance rate of 37%. In addition the conference organized a special issue for
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papers from Ukrainian authors done in cooperation with partners outside of Ukraine. For the
special issue we selected 47 papers from 128 candidates (acceptance rate 37%).

Once again, we extend our warmest welcome to all participants and express our gratitude to the
Tampere University, and the Big Data and Cognitive Computing MDPI journal for supporting
the conference. We hope that the ensuing discussions, presentations, and interactions will inspire
new avenues of open innovation and contribute to the advancement of research and industry
collaboration.

The accelerating pace of innovation and the increasingly shorter lifespan of commercially viable
technologies pose unique challenges for the IT and ICT industries. Fierce competition among
market players and rapid technological progress fueled by extensive investments in research and
development necessitate a proactive response from educational and research institutions
worldwide. The FRUCT community strives to foster cooperation and cultural exchange,
supporting regional teams in effectively aligning university research and education with
industrial challenges. Our primary mission is to strengthen collaboration within the academic
community, enhance the visibility of research teams, and facilitate direct personal connections
between academic and industrial experts.

The FRUCT conference embodies the principles of continuous development and strategic
partnerships between industrial and academic research, which serve as crucial factors for success
in the modern innovation ecosystem. Throughout the world, there exist remarkable success
stories of such frameworks, which yield significant benefits for all involved parties, fueling their
respective research and development endeavors. While fundamental science driven by
universities and academic organizations should not be tethered directly to existing industries,
industrial research greatly benefits from early access to results and information on emerging
trends and weak signals. Likewise, many universities actively engage in applied research, but to
maximize their efficiency, they require feedback channels from the industry. Thus, establishing
stronger connections between academia and industry is pivotal, especially given the shrinking
innovation cycles discussed earlier. An intriguing new trend to address this need involves
constructing open innovation frameworks specifically designed to develop strategic partnerships
between industrial and academic research, enabling the identification of suitable research
partners and facilitating collaborative incubation of new competencies.

The FRUCT association is actively working to involve students and postgraduates in scientific
activities at an early stage, fostering joint teams to tackle challenging scientific problems using
knowledge-intensive technologies, and elevating the prestige of scientific and research work.
Through the development of various processes, FRUCT supports win-win cooperation and the
advancement of strategic partnerships between academic and industrial research. These
processes serve to overcome barriers to open innovation, demonstrating how businesses can
embrace social responsibility and contribute to long-term research and academic collaborations.

The FRUCT conference stands as a significant event celebrating academia-to-industry
cooperation. With 179 authors and over 50 conference participants representing 26 countries, the
35th FRUCT conference promises to be a vibrant gathering. Additionally, we anticipate that the
presentations on YouTube will garner at least tenfold more views, extending the reach and
impact of the conference beyond its physical boundaries.

The primary topics of the FRUCT conference are as follows:
Artificial Intelligence in Text Analysis and Generation
Artificial Intelligence, Robotics and Automation

Coding Theory, DevOps and DevSecOps Technologies
Emerging Wireless Technologies, 5G and beyond
Internet of Things: Apps and Enabling Technologies
Gamification, E-learning and Smart Data in Education
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We extend our gratitude to all the authors, reviewers, and participants who have contributed to
the success of this conference. The special words of thanks go to the local organizing team and
especially Jari Nurmi, for organizing this conference, Michal Kvet for his long-term contribution
in success of FRUCT conferences, and Nameer Hashim Qasim for managing the Special Issue. I
wish to thank all people who contributed efforts and a lot of personal time to the organization of
the FRUCT conference, and all members of the organizing committee and FRUCT Advisory
Board for reviewing the papers and other forms of contribution to the success of the 35th
FRUCT Conference. I hope that the proceedings and the ensuing discussions will inspire fruitful
collaborations, foster innovative solutions, and drive further advancements in the field of open
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innovations.

April 2024
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FRUCT President




TABLE OF CONTENTS

Preface

Preface of the FRUCT’ 35 Conference — Sergey Balandin Vil

Volume 1

Abdulameer S.D., Taher N., Alatba S., Qasim N., Dorenskyi O. — Optimization of
Underwater Channel Performance through Polar Code-OFDM Models . . . . .. ... ... 3

Abu-AlShaeer M., Abdulkareem S.A., Mustafa F., Yakymenko N. — 4 Path to Safer
Digital Systems Using Proactive Hazard Analysis in Logic Circuit Design. . ... ... ... 11

Abu-AlShaeer M., Hasan H., Mustafa S., Khlaponin D., Krasovska K. —
A Comprehensive Online Tourism Management System Revolutionizes Travel. . . . . . .. 22

Ahma H., Abdulkareem S.A., Abdalrazzaq A., Liashchenko M. — System for Detecting
and Preventing Energy Theft. . . ... ... ... . . . . 33

Ahmed R., Alamro L., Khlaponin Y., Izmailova O., Abdulrazzaq A. — Edutainment as
a Concept of Education and Entertainment. . . .. ...... ... .. ... .. ... ... ..... 42

Al-Ani F., Abdulkareem S.A., Mohammed Moh., Temnikov V. — The Photovoltaic
Active Dual Tracking Approach is Transforming Renewable Energy. . ... ........... 51

Al-Doori V., Abbas S.Q., Kulikov O., Ismail M. — Home Automation System with a GIU
that is Powered by Arduino and MATLAB. . ... ... .. ... . . . . . . .. .. .. 63

Al-Doori V., Maktoof M., Abdulqader A., Lienkov S. — Securing Smart Buildings Using
RFID and Fingerprint Technologies. . . .. ........ ... ... . . . .. . . .. iiioio... 71

Al-Dulaimi M., Al-Dulaimi A., Al-Dulaimi O., Abdulgader A., Zakharzhevskyi A. —
Threats in Cloud Computing System and Security Enhancement. . ... .............. 82

Al-Dulaimi M., Hussin M., Ismail M., Gorbatyuk . — Streamlining Testing Operations
via OFES. . . 94

Algashamy H., Ismail L., Abdalrazzaq A., Palchyk S. — Exploring the Need for Visually
Impaired Walking Aids. . . . ....... . . . . . . . 104

Ali H., Jalal S., Saab M., Sulaiman S., Ghno G., Mustafa S., Azimov B. — Deciphering
the Implications of Swarm Intelligence Algorithms in Efficiently Managing Drone
SWArms. . ... 112

Ali M., Mahdi H., Jassim M., Palamarchuk D., Oleksii S. — Algorithm for Accurate
People Counting in Conference Halls. . . . ....... .. ... .. .. .. .. ... .. ..c......... 124




Alnuaimy A., Jawad A.M, Abdulkareem S.A., Mustafa F., [vanchenko S., Toliupa S. —
BM3D Denoising Algorithms for Medical Image. . ... ..........................

Asaad J., Avksentieva E. — A Review of Approaches to Detecting Sofiware Design
Patterns. . . .. ..

Asvarov A., Grabovoy A. — The Impact of Multilinguality and Tokenization on
Statistical Machine Translation. . .. ...... .. ... ... . . .. . . . .. .. ..

Barutkin 1., Fofanov M., Belokonny S., Makeev V., Chernishev G. — Extending
Desbordante with Probabilistic Functional Dependency Discovery Support. .. ... . ...

Bhat S., Sai R., Mundody S., Guddeti R. — Leveraging SIR and Barabasi-Albert Models

Dolhopolov S., Honcharenko T., Terentyev O., Savenko V., Rosynskyi A., Bodnar N.,
Alzidi E. — Multi-Stage Classification of Construction Site Modeling Objects Using
Artificial Intelligence Based on BIM Technology. . .. ........ ... .. ... .........

Dube D., Akar M. — Curriculum Learning-Based Multivariate Time Series Anomaly
Detection. . .. ... ... .

Durnekova M., Kvet M. — Referring Null Values in Partitioned Tables. . . ........ ...

Easa H., Majid A., Al-Hatem A., Othman N., Bloh A., Ali A., Kalmatov R. —
Sustainability in Irrigation Practices Through 5G Optimization of Water Resources . . .

Hamada A., Skrinarova J. — Comparative Analysis of Simulated Cloud Task Scheduling

Hatem F., Alatba S., Abdullah M., Nimchenko T., Myronchenko A. — 4 Method of
Removing Rain or Snow from A Color Image using MATLAB. . .. .................

Hatem F., Mirzah N., Hamdoun S., Krasovska H. — Integration of Programs for Online
Shopping for Users of Android Devices. . .. .......... ... ... .. . ...,

Helskyaho H., Helskyaho, M., Ruotsalainen L., Mannisto T. — A4n Evaluation
Framework for Validating the Quality of a Data Vault 2.0 Data Model. . . . . ... ... ..

Honcharenko T., Khrolenko V., Gorbatyuk I., Liashchenko M., Bodnar N., Sherif N. —
Smart Integration of Information Technologies for City Digital Twins. ... ...........

Huaman S., Ponce L., Wong L. — Maturity Model for Information Access Management
of Peruvian IT Service Providers based on ISO/IEC 27001 and CMMI Security Controls

Hummadi A., Salman H., Ahmed A., Diachenko O. — Arduino-Based Sensor System for
Safe Mobility of People with Visual Impairments. . .. ...........................

Jancik L., Kvet M. — Analytical Tool for Oracle SQL Statements. . . ................

Xl

135

142

149

158

170

179

186

194

201

211

222

232

244

253

259

267

275




Jawad A.J., Abed A., Qasim N., AbdelRahman A. — Design and Implement a GPS Car
Tracker on Google Maps Using Arduino. . .. ....... ... ... .. ... ... ccciiiiin...

Jawad A.M, Alamro L., Abdulrazak L., AbdelRahman A., Bezklubenko I. — Study of
Camera Efficiency and Image Resolution. . . .. ...... ... ... .. .. .. ... ........

Jawad H., Ahmed S., Jassim M., Korniichuk B. — Design a pH Meter Using Arduino . .

Jawad H., Hasan H., Abdulgader A., Kovalevskaya L., Kozubtsov 1. — The Detection of
Brain Tumors User Interface for MATLAB. . .. ....... .. .. ... .. ... . ... .. .......

Kaprielova M., Grabovoy A., Varlamova K., Potyashin I., Chekhovich Y., Kidyakov A.
— Image Plagiarism Detection Pipeline for Vast Databases. . . ....................

Kassab K., Kashevnik A.— Novel Framework for Job Interview Processing Automation
Based on Intelligent Video Processing. .. ........... ... .. .. .. i,

Khaleel B., Alatba S., Hamdoun S., Terenchuk S. — Exploring Li-Fi for loT Advanced
Audio Data Transfer. . . .. ... ... .

Khlaponin Y., Izmailova O., Krasovska H., Krasovska K., Bodnar N., Abbas S.Q. —
Base of Models of the Information Security Risks Assessment System. . . ............

Koh T., Yeo C., Sivadas S. — Multi-Sensor Fusion for Human Action Detection and
Human Motion Prediction. . . ... . ... .. . . . . . . . . . .

Korzhik V., Yakovlev V., Starostin V., Lapshin A., Zhuvikin A. — Vulnerability of the
Key Sharing Protocol Executing over the Noiseless Public Channels with Feedback . . .

Kostyshyna N., Chernyshev D., Tsiutsiura M., Yerukaiev A., Rusan N., Jawad A.M,
Al-Athari F. — An Evaluation Approach Enhancing Apartment Building Comfort
through Artificial Intelligence. . . ... ... ... .. .. . . . . . . . . . .

Kozubtsov 1., Silko O., Kozubtsova L., Abu-AlShaeer M., Ismail L., Jassim M. — 4
Method for Calculating Efficiency Indicators of Information Security Systems. . . . . . ..

Kozubtsova L., Ali R., Kozubtsov I., Lishchyna V., Yashchuk A., Hassan N.,
Lukashenka V. — Approach to Risk Management Based on the Assessment of the Cost of
Quality of Implementation of Cybersecurity Measures of the Organization. . . . . ... ...

Kunicina N., Bruzgiene R., Narbutaite L., Rassolkin A., Ibrahim M., Balandin S. —
Development of Emerging Technology-driven NordPlus Competence Network in the
Baltic and Nordic Regions. . . .......... . ... . . . i

Kuzin Y., Shcheka D., Polyntsov M., Stupakov K., Firsov M., Chernishev G. — Order
in Desbordante: Techniques for Efficient Implementation of Order Dependency
Discovery AIgorithms. . . ... ... .. . . .

284

294

307

319

328

336

343

352

367

374

380

388

399

407

413

Xl




Kvet M., Melekova A., Demchenko D. — API Interface for Analyzing the Correctness of
DML Queries. . .. ...

Lukyanov G., Rassadina A., Chumakov D., Kalaman A. — Modeling of Wave
Propagation from a 5GHz Wi-Fi Router in the Experiment of an Electromagnetic Field
on Biological Objects Effect Studly. . . .. ...... ... . . . . . . .

Mohammed A., Shakor P., Abdullah S., Mohammed Mar., Abbas S.J.,
Mohammed Moh., Kozhobekova P. — Progressing M2M Communications using
Arduino Leonardo and 6G Technologies. . ... ........... ... .. .. ... .. ..........

Mohammed M.J, Ghazi A., Awad A., Hassan S., Jawad H., Jasim K., Mitalipova A.
— A Comparison of 4G LTE and 5G Network Cybersecurity Performance. . ........ ..

Mohialdeen M., Al-Sharify M., Khlaponin Y., Vlasenko M., Al-Dulaimi M., Mahdi H.
— Regression Methods for Forecasting the State of Telecommunication Networks. . . . . .

Mracko A., Cimrak I., Vanovcanova L. — Enhancing Breast Microcalcification
Classification: From Binary to Three-Class Classifier. ... ...... ... ... ... .. ...

Najm N., Hussain A., Mustafa S., Rashit B., Lukashenka V. — Design and
Implementation of a Robot Firefighter for Indoor Applications. . ..................

Nakonechnyi V., Toliupa S., Saiko V., Lutsenko V., Ghno G., Hussain A. — Blockchain
Implementation in the Protection System of Banking System During Online Banking
OPerations. . . .. ... ...

Newaz A., Mohosheu S., Noman A., Jabid T. — iBRF: Improved Balanced Random
Forest Classifier. . . .. ... . .. . .

Niederhaus M., Migenda N., Weller J., Schenck W., Kohlhase M. — Technical Readiness
of Prescriptive Analytics Platforms: A Survey. . ........ ... .. .. .. .. .. .. .. ......

Niemi A. — Survey of Real-World Process Sandboxing. . .. .......................

Omar S., Ahmed W., Ismail M., Sieliukov O. — In-Depth Examination of a Fingerprint
Recognition System Using the Gabor Filter. . ... ...... ... .. ... .. ... ... ........

Patel T., El-Sayed H., Sarker K. — EfficientSwin: A Hybrid Model for Blood Cell
Classification with Saliency Maps Visualization. . . .. ...........................

Qasim N., Salman A., Salman H., AbdelRahman A., Kondakova A. — Evaluating NB-
loT within LTE Networks for Enhanced loT Connectivity. . ... ....................

Rasheed N., Abdullah M., Sherif N., Dudnikov O. — The Risk of Data Loss in
Computerized Medical Record Systems. . ... ...... ... .. ... .. ...

X

425

433

441

452

465

473

482

492

501

509

520

532

544

552

560




Rego G., Vahroeva Y., Falev A. — On Gait-Based Identification of Persons During
Winter Conditions. . . .. ... ... .. . . . .

Romanova A. — Enhancing NLP through GNN-Driven Knowledge Graph Rewiring and
Document Classification. . . ........... ... . . . . ..

Rosales M., Huacacolque E., Castillo-SequeraJ., Wong L. — Framework for Monitoring

Rozinek O., Borkovcova M. — 4 Novel Regression Approach: Analyzing Textual Data
in Similarity Space. . . . ... ... .

Rozinek O., Mares J. — Fast and Precise Convolutional Jaro and Jaro-Winkler
Similarity. . . ...

Sajid W., Hassan N., Abdulrazak L., Khlaponin Y., Ahmed A., Yashchuk A. —
Performance Comparison of Low-Density Parity-Check (LDPC) Codes for Reliable
Communication in Noisy Channels. . .. ........... ... .. .. .. .. .. .. ... ........

Sajid W., Mirzah N., Mustafa F., Shabala Y. — Educational Institution Management
Information System. . .. .. .. .. ...

Salih M., Abbas S.J., Ahmed A., Nedashkivskiy O. — Implementation and Comparison
of COFDM and OFDM using TMS320C6713. .. ... ... ..t ..

Salih M., Ahmed W., Hamdoun S., Shalenko V. — Displaying a Message on the Notice
Board Using a PC. ... .. ... .. . .

Salih M., Khaleel B., Qasim N., Ahmed W., Kondakova S., Abdullah M. — Capacity,
Spectral and Energy Efficiency of OMA and NOMA Systems. . . ...................

Samarin A., Toropov A., Dzestelova A., Nazarenko A., Kotenko E., Mikhailova E.,
Savelev A., Motyko A. — Specialized Non-local Blocks for Recognizing Tumors on
Computed Tomography Snapshots of Human Lungs. . .. .........................

Sherstinova T., Mikhaylovskiy N., Kolpashchikova E., Kruglikova V. — Bridging Gaps
in Russian Language Processing: Al and Everyday Conversations. . . ..............

Sherstinova T., Ziulkova E., Kirina M. — Past Voices, Present Insights: Sociolinguistic
Research through Literary Artifacts. . .. ... ... ... . . . . . .

Shnain S., Maktoof M., Delembovskyi M., Abdulrazzaq A.— Developing Vehicles Blind
Spot Sensors Using Arduino to Avoid Parking Accidents. . ... ....................

Shnain S., Najm N., Taher N., Abdalrazzaq A., Rashit B., Lishchyna V. — Classification
of Landsat 8 Images Using Convolutional Neural Network Based on Minimum Noise
Fraction Transform. . . . ... .. . . . . . .

XV

570

579

588

596

604

614

625

633

642

652

659

665

675

683

692




Shushkova V., Kashevnik A., Rzhonsnitskaya Y., Blazhenov A. — Analysis of the
Vehicle Maneuver and Driver Emotion: Methodology and Results Discussion. . . . . . .. 699

Sipovskii G., Teslya N. — Matching Literature Heritage Entities From Heterogeneous
Data Sources Based On The Textual Description. . .. .............. ... ......... 707

Smirnov A., Levashova T. — Decision Support Based on Human-Machine Collaboration
Patterns: Conceptual Model and Scenario. . .. ............ ... ... ............ 715

Sneps-Sneppe M. — On Cancer Breathing: How Otto Warburg Led Manfred von
Ardenne and then the Whole World into Temptation. . .. ......................... 725

Spyridis Y., Younes J., Deeb H., Argyriou V. — Empowering Prior to Court Legal
Analysis: A Transparent and Accessible Dataset for Defensive Statement Classification
and Interpretation. . ... ........ ... . ... 737

Thabit A., Alzidi E., Mohammed Moh., Palchyk P. — Development of a System Based
on a Graphical User Interface Using MATLAB Tools. . .. ........................ 744

Turovsky O., Tkachenko O., Ghno G., Abed A. — Selection and Substantiation of the
System of Criteria for Evaluating the Effectiveness of Steganographic Methods of Hiding
Information in the Image. . . .. ....... .. . . . . . . . . . .. 755

Volume 2

Ali H., Jalal S., Saab M., Hassan S., Ghno G., Ahmed S., Mustafa S., Pirmatov A. —
Technological Innovations and Sustainability: Shaping the Future of Smart Cities in

Urban Planning. . . ... .. .. .. . 764
Aliev M., Muravyov S. — Automation of Machine Learning Pipeline Design by an
Ontology as an Integrative Meta-Learning Model. . ... ......................... 776
Almenwer S., El-Sayed H., Sarker M. — Defection of Pleuropulmonary Blastoma at an
Early Stage Using Vision Transformer Model. . . ... ........................... 782
Geyda A. — Reflective Models of Information Use for System Functioning. .. .. ... ... 792

Ivashnev K., Korzun D. — Digital Modeling of Territory for Smart e-Tourism Services 805

Petrikova D., Cimrak l. — Semi-automated Ki67 Index Label Estimation For HE Images
Classification. . ... ... ... . 812

XV



Index

Popov O., Borisov A., Chernysheva T., Orlov K., Abramov V. — Assessment of Changes
in the Rise and Fall of the Audio Broadcasting Signal in the Transmission Channel. . .

Ram G., Jayanth P., Kumar H., Mundody S., Guddeti R. — A Meta-Heuristic Approach
Jfor Optimizing Neural Network Model for Heart Disease Prediction. . .............

Sherstinova T., Markovich O. — N-gram Analysis of Everyday Russian Speech: in
Search of Multiword Units. . .. ....... .. .. . . . . . .

Shitole A., Mete S., Hatvate N. — Machine Learning Approaches to Predict Biological
Effects of Organic Compounds. . . ........ ... .. . . . . . . . . ...

Shuhaiber A., Al-Omoush K. — Measuring the Learning Progress of Autistic Students
Using the Smart Heuristic Kit: An Experimental Study in the UAE. . .. ........... ..

Verma A., Chandela T., Rathee G. — A Multilayered Approach to Enhance Cloud
Security using Homomorphic, AES, and Hashgraph. . . .........................

Index of AULhOTS. . . . o oo

818

825

831

839

843

850

861

XVI




THE 35TH CONFERENCE OF

OPEN INNOVATIONS ASSOCIATION FRUCT

VOLUME 1



ISSN 2305-7254

PROCEEDING OF THE 35TH CONFERENCE OF FRUCT ASSOCIATION

API Interface for Analyzing the Correctness
of DML Queries

Michal Kvet, Andrea Melekova, Dmytro Demchenko
University of Zilina
Zilina, Slovakia
Michal. Kvet@uniza.sk, melekova2@stud.uniza.sk, demchenko@stud.uniza.sk

Abstract—Although automated assessment tools have seen
significant advancements in recent years, addressing the
complexities of analyzing and correcting Data Manipulation
Language commands remains a challenge. In educational
settings, particularly at institutions like the Faculty of Computer
Science and Management, University of Zilina, manual
assessment processes can be time-consuming and prone to errors.
In response to these challenges, this paper introduces a
sophisticated tool aimed at streamlining the analysis and
correction of DML commands within the EXAM system. This
tool not only automates the tedious aspects of assessment but also
offers functionalities such as API design, analysis of Oracle
database functions, and integration with existing examination
systems. By addressing these critical areas, the tool presents a
promising solution to enhance educational assessment practices,
ensuring accuracy, efficiency, and fairness in grading processes.

L.

In the realm of educational assessment and database
management, the efficient analysis and automation of Data
Manipulation Language (DML) commands stand as pillars of
utmost importance. This paper aims to contribute by proposing
the design and implementation of a robust tool tailored to
analyse DML command results and streamline the correction of
student solutions within the EXAM system at the Faculty of
Computer Science and Management, University of Zilina (FRI
UNIZA).

INTRODUCTION

Existing public systems dedicated to automated control of
DML commands fall into three main categories: tools
comparing the data returned by individual commands, editors
comparing only the textual input, and complex libraries
primarily focused on parsing and evaluating these commands.
To provide a clearer overview, let's delve into each of these
categories.

One of these tools compare based on textual representation
of commands, exemplified by websites such as
onlinetextcompare, specialize in comparing textual inputs,
highlighting differences between two sets of data. They are
suitable for detecting typos or errors in larger files and
highlighting changes made to commands. However, they may
not offer significant advantages for more complex analyses.
Another type of technology involves software solutions that
compare the data returned by database. Examples include
Oracle SQL Developer or DbVisualizer [1]. These editors often
format commands according to SQL standards and highlight
discrepancies between them. While useful for identifying
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syntactical errors or discrepancies, they may lack the depth
required for comprehensive analysis. Finally, there are libraries
like JSqlParser, which provide more advanced parsing
capabilities in programming languages like Java.

These libraries focus on parsing SQL commands into a
hierarchical structure and offer insights into their syntactic
correctness [2]. However, they may not support error correction
or command transformation, limiting their utility for
comprehensive DML command analysis. While these
technologies provide valuable insights into the processing of
DML commands, they often lack comprehensive functionality
for evaluation, correction, and transformation of these
commands. These technologies provide valuable insights but
often lack comprehensive functionality for evaluation,
correction, and transformation of these commands.

At FRI UNIZA, lecturers and educators face challenges in
assessing students' proficiency in database languages,
particularly within exercises demonstrating SQL language
syntax and query optimization. Manual scrutiny of each student
authored DML command becomes laborious, necessitating an
efficient alternative.

Our project addresses this challenge by developing an
application designed to compare distinct SQL statements,
yielding a percentage of equality between them. Instead of
executing students' statements directly, the application employs
a database connection to execute predefined, hardcoded SQL
commands that are deemed secure.

The proposed solution features an intricate Application
Programming Interface (API) designed to process both single
and dual commands, with a focus on analysing standard Oracle
Database Management System (DBMS) functions and
addressing errors within functions, keyword discrepancies, and
transformation intricacies associated with different connection

types.

Rigorous testing and meticulous analysis validate the
robustness, reliability, and efficacy of the developed solution,
ensuring seamless integration with the existing FRI testing
system and alignment with institutional objectives.

This paper aims to offer a comprehensive framework for
addressing the challenges in analysing and automating DML
command processing within educational settings. By
harnessing the power of database management systems and
leveraging cutting-edge automation technologies, the proposed
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solution seeks to redefine educational assessment paradigms
and foster enhanced learning experiences.

II.  EXISTING SOLUTIONS AND RELATED WORK ANALYSIS

A. DML Query Analysis in Literature

While there are existing tools and research efforts
addressing aspects of DML query analysis, it's important to
note that some of these solutions may not be publicly available
or widely documented. Additionally, certain tools might focus
solely on syntactical validation or textual comparison of
queries without delving into the logical structure or semantic
analysis.

In academic or industry settings, proprietary solutions or
internal tools developed by organizations may exist to address
specific needs related to DML query analysis. However, these
tools might not be publicly disclosed due to proprietary
considerations or intellectual property rights.

Furthermore, some research efforts might compare only the
textual aspects or final results of queries without considering
the logical structure or semantic correctness. This narrow focus
may overlook crucial aspects of query analysis, such as
ensuring data integrity, compliance with business rules, or
optimization potential.

Thus, while existing tools and research efforts contribute to
the field of DML query analysis, the gaps highlighted in the
literature review may persist due to various factors, including
limited accessibility, narrow scope, or proprietary nature of the
solutions.

B. Existing Solutions

In developing our API for Analyzing the Correctness of
DML Queries, our journey began with a thorough exploration
of existing solutions aimed at tackling analogous challenges
encountered in educational assessment within the realm of
database systems. Our quest led us to encounter two
remarkable papers that significantly influenced our approach to
addressing this complex problem.

The first paper, authored by Charles Boisvert, Konstantinos
Domdouzis, and Joshua License, introduces a blended learning
approach to teaching Relational Database Systems. Central to
their module is TestSQL, a query tool designed to provide
students with automated feedback on SQL query exercises.
However, the authors opt not to employ TestSQL for student
assessment. Instead, assessment is conducted through a diverse
array of questions covering various aspects of the field.
Through a survey of student attitudes and assessment data
analysis, the effectiveness of this approach is evaluated. The
analysis reveals that students who utilize a broader range of
resources tend to achieve better results. Furthermore, the study
highlights that success in different sub-topics of the course is
not strongly correlated, indicating that students may excel in
certain areas while struggling in others. Notably, the paper
underscores the significance of indirect SQL questions as the
best predictor of success in other sub-topics, suggesting the
importance of broadening the assessment of SQL skills to
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encompass various dimensions of relational database

knowledge [3].

In contrast, the second paper introduces the XDa-TA
system, authored by Amol Bhangdiya, Bikash Chandra, Biplab
Kar, Bharath Radhakrishnan, K. V. Maheshwara Reddy, Shetal
Shah, and S. Sudarshan. This system offers a solution for the
automated grading of SQL query assignments, addressing the
limitations of traditional assessment methods. By leveraging
the XData system, XDa-TA generates datasets specifically
tailored to uncover common errors in student queries. The
grading process involves comparing student query results with
those of correct queries against these meticulously crafted
datasets. Instructors and teaching assistants can utilize this tool
to streamline the grading process, providing immediate
feedback to students and potentially revolutionizing assessment
methodologies, particularly in Massive Open Online Courses
(MOOCs) [4].

The third paper, titled "Automated Grading of SQL
Queries," further explores automated grading methodologies
for SQL queries. Authored by Michael Martin and Mark
Nathan, this paper introduces a system designed to
automatically grade SQL queries based on various criteria,
including correctness, performance, and style. The system
utilizes a rule-based approach to evaluate student queries,
providing feedback on syntax errors, logical errors, and
performance issues. By automating the grading process,
instructors can save time and provide timely feedback to
students, enhancing the learning experience [5].

Lastly, the paper "Automatic, Configurable, and Partial
Assessment of Student SQL Queries with Joins and
Groupings," authored by Goran Pambi¢, Mario Fabijani¢, and
Ana Lokas Cogkovi¢, presents a fully automated assessment
model for SQL queries, particularly focusing on complex joins
and groupings. This system aims to provide partial assessment
capabilities, allowing for customizable grading rules to adapt to
institutional standards. By automating the assessment process,
teachers can reduce their workload, ensure consistency in
grading, and provide faster feedback to students. The system
compares favorably with manual assessments, even for
complex queries, demonstrating its potential for application in
higher education settings [6].

By examining the approaches, methodologies, strengths,
weaknesses, and contributions of each system alongside
insights from other recent studies or advancements, we aim to
identify emerging trends, challenges, and opportunities for
future research and development.

III. SOLUTION AREAS COVERED

A. Approach

Our system operates under the premise that users do not
require prior familiarity with database environments, SQL
syntax, or the Oracle Database Management System (DBMS).
Instead, it handles these complexities internally, providing a
user-friendly interface that abstracts away technical intricacies.
This approach ensures accessibility and ease of use for
educators and administrators involved in the grading process.
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Additionally, the system assumes a consistent logical
syntax in the database structure throughout the grading
process. While it can accommodate minor changes in table
structures or attribute names, significant alterations may pose
challenges to accurate query processing. Nevertheless, the
system is designed to adapt to evolving database structures
with minimal disruption to its functionality.

Furthermore, the system assumes the correctness of input
queries provided by instructors. It relies on the accuracy of
these queries rather than student submissions, streamlining the
grading process and ensuring consistency in evaluation
standards across assessments.

One notable limitation of our system is its exclusive
support for Oracle DBMS. While it offers functionality
tailored to Oracle environments, it lacks compatibility with
other database platforms such as MySQL, PostgreSQL, or
SQL Server. As a result, users relying on these alternative
platforms may encounter compatibility issues or limitations in
accessing advanced features specific to their chosen database
systems.

Moreover, the system's automation capabilities are not
exhaustive, and certain transformations may be constrained.
For instance, while the system can handle basic
transformations and optimizations, it may not fully automate
more complex tasks. For instance, the system currently lacks
the capability to transform left and right joins into other join
types that yield identical results. Additionally, it does not
support the aggregation of multiple functions into a single
function, even when those functions produce the same result.
Future iterations of the system are envisioned to address these
constraints through enhanced automation and expanded
functionality."

B. Analysis of standard functions provided by Oracle DBS

1) Handling errors in functions: In the context of Oracle
DBS, errors in functions can often arise due to typographical
errors or misspellings. To mitigate this issue, an advanced
approach is employed, utilizing the Levenshtein distance
algorithm [7] . This algorithm serves to identify the closest
matching function to the input, enabling the system to
automatically correct potential typos. Additionally, to
streamline the management of functions, a structured approach
is adopted, with functions organized and stored in three
distinct JSON files. The first file contains a repository of the
most frequently used functions, derived from recent entries.
The second file encompasses functions that are not directly
retrievable from the database. Lastly, the third file consists of
functions that can be obtained via SELECT queries. Moreover,
to ensure the integrity of function parameters, a thorough
parameter check is conducted. This check verifies both the
correctness of parameter types and their order within the
function. In instances where parameters are found to be
correctly specified but in the wrong order, the system reorders
them to rectify the issue.

2) Transformation of functions with similar results: Within
the Oracle DBS environment, exist functions that yield
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identical or similar results. For instance, functions like
TO_CHAR and EXTRACT may produce similar outcomes for
certain data transformations. To facilitate easier result
comparison and analysis, a systematic approach to function
transformation is implemented. Through code transformation
techniques, the system is capable of converting between such
similar functions seamlessly. This not only enhances the
efficiency of result analysis but also streamlines the process of
identifying optimal function usage within queries. Also, the
user can use the test application to add two such functions that
return the same result in a particular case, and then the
functions are mapped to each other and during the run of the
program they are converted into a single function if they
occur.

C. Addressing errors in keywords

Keywords play a fundamental role in defining the syntax
and structure of SQL queries. Common keywords such as
SELECT, FROM, and WHERE are integral components of
query construction. To ensure syntactic accuracy and logical
coherence in query formation, a robust mapping system for
keywords is established. This mapping system not only
identifies potential keyword errors using the Levenshtein
distance algorithm [7] but also considers the contextual
relationships between keywords. By mapping out the
permissible sequences of keywords, the system can effectively
identify and rectify errors in keyword wusage, thereby
enhancing the overall robustness and accuracy of SQL queries.

D. Handling nested queries

1) Properly completing missing parentheses, quotation
marks and apostrophes: Proper syntax is imperative in SQL
query construction, particularly when dealing with nested
queries. One common challenge is ensuring the completeness
of parentheses, quotation marks, and apostrophes within
queries. To address this challenge, the system employs a two-
fold approach. Firstly, syntactic validation is performed using
the jsqlparser library, which verifies the correctness of query
syntax. Secondly, a logical algorithm is implemented to
identify and complete missing parentheses and quotation
marks. This algorithm leverages the inherent structure of SQL
queries, including the minimum and maximum parameter
counts associated with functions. By analyzing the query
structure, the system can insert missing parentheses and
quotation marks, ensuring syntactic integrity and query
correctness.

2) Saving nested queries: Nested queries, which involve

the embedding of one query within another, are prevalent in
database operations. To manage nested queries efficiently, a
structured approach to query storage is adopted. Within the
system architecture, queries are organized and stored within a
designated java class known as STATEMENT. This class
incorporates parameters such as usedTables and functions,
allowing  for  comprehensive  query  representation.
Additionally, the STATEMENT class supports nested queries
within nested queries, enabling the system to accommodate
complex query structures seamlessly.
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E. Typos in names of tables and columns

Typos in table and column names was one of the topics our
colleague addressed. Typos in table and column names pose
challenges in SQL queries, impacting query accuracy. This
aspect of our system, developed by our colleague, utilizes the
Levenshtein distance algorithm to identify typos. By
calculating the similarity between words, potential typos can
be detected. This algorithm forms the cornerstone of our
approach, enabling the system to pinpoint discrepancies in
names effectively. [7]

Incorporating support information enhances the accuracy
of typo correction. For instance, when two columns within a
table have same distances from the word with the typo,
contextual clues can be pivotal. If a column appears in the
GROUP BY clause, it signifies its importance and correctness.
Leveraging this insight, our system ensures that the correct
column is also included in the SELECT part of the query. By
integrating contextual information from query structures, our
system provides more reliable typo corrections, optimizing
query execution and accuracy. [8]

F. Aliases

1) Aliases in the select section: This section introduces a
concept developed by our colleague, Bc. Luka$ Jancik,
focusing on aliases within the context of select section. The
concept is elaborated upon briefly here. When there's an alias
on a column name, we remove it to simplify comparing two
statements at the end. This change applies recursively, even
within nested queries, until we reach the primary query or
certain clauses like ORDER BY or WHERE. If both queries
within a nested structure use the same alias, the order by part
follows the most deeply nested query, similar to how SQL
Developer for Oracle handles it. This approach ensures that
comparing statements remains straightforward and consistent,
making it easier to analyse and understand any differences
between them. [§]

2) Aliases for tables: If aliases are used over the tables, we
simply append the alias before the column name (e.g.,
alias.column) to facilitate comparison later on. Additionally,
as part of this process, potential errors arising from the
absence of fully qualified attribute names can be identified.
This error occurs only when an attribute exists in multiple
tables and the column share the same name. It's a logical error,
and the database system interprets it as an ORA-00918 error ,
indicating that the column is ambiguously defined. This
situation arises specifically when a column exists in two or
more joined tables with identical column names. [9]

G. Transformations of different types of joins

1) Join using and join on: Joins are fundamental operations
in SQL for combining data from multiple tables. In Oracle
DBS, there are different types of joins, each with its own
syntax and usage conventions. One common transformation
involves converting "join using" syntax to "join on" syntax.
This transformation enhances query readability and flexibility
by providing a more versatile approach to specifying join
conditions. By standardizing join syntax across queries, the
system simplifies query maintenance and optimization.
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2) In to Exists: Another transformation involves converting
"IN" statements to "EXISTS" statements where applicable.
This transformation is particularly beneficial for optimizing
query performance and clarity. Before executing this
transformation, the system verifies that the "IN" statement is
not part of a function and assesses its suitability for
transformation. Upon confirmation, the system executes the

transformation, thereby enhancing the efficiency and
readability of SQL queries.
When considering the transformation from "IN" to

"EXISTS," several factors come into play. The transformation
is feasible in scenarios where the subquery operates
independently and does not rely on data from the outer query
(non-correlated subquery). Additionally, the subquery should
not involve complex logic or aggregation functions that cannot
be easily incorporated into the transformed query.
Furthermore, performance implications, such as data volume
and query optimization, should be carefully evaluated to
ensure the transformation yields the desired performance
improvements. It's essential to conduct thorough testing and
analysis to validate the effectiveness of the transformation in
each specific scenario.

H. Comparing statements and evaluating them

The final component of this application, 'Comparing
Statements,' is a contribution from our colleague Bc. Lukas
Jancik. This section offers a comparative analysis of
statements. Aligning the teacher's correct statement with the
potentially correct statements provided by the students is a
highly extensive task that demands a significant amount of
analytical work. The primary challenge lies in the myriad
ways students may attempt to express the correct response to a
given task through the composition of specific SQL
commands.

This section primarily focuses on constructing a set of
equivalent commands. The larger this set (the more
equivalents discovered), the greater the likelihood of
confirming the correctness of the compared student command,
even if it may differ significantly (yet still equate to the correct
response to the task).

Some statements may vary in their expression but remain
logically equivalent. For instance, a student's statement might
utilize aliases over the tables, whereas the teacher's statement
does not use any aliases. Another scenario arises when
conditions are expressed in reverse order, such as
name=PETER" and "PETER'=name. Similarly, in the case of
joining two tables using 'join on', the tables in the join can be
swapped, reflecting the same principle of logical equivalence
through different implementations. [8]

1. Referencing system tables

System tables in Oracle DBS serve as repositories for vital
metadata and configuration information essential for effective
database management. To optimize access to this critical data,
a structured approach to referencing system tables is
meticulously adopted. These system tables, housing invaluable
details crucial for database operations, are serialized and
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meticulously stored in JSON files. This serialization process
facilitates efficient data retrieval and storage, ensuring
seamless access to system table information.

Updates to system table data are seamlessly integrated into
the system, with automatic triggers activated whenever new
data is introduced into the database. This ensures that the
system maintains synchronized references to system tables,
thus upholding the integrity and consistency of database
operations.

Moreover, system tables play a pivotal role beyond mere
metadata storage; they are also instrumental in retrieving
information about various functions utilized within the Oracle
DBS environment. By leveraging data from user tables,
system tables provide comprehensive insights into the usage
and performance of functions, enabling informed decision-
making and optimization strategies.

J. API

The API serves as a pivotal component for analyzing the
correctness of DML queries within the Oracle DBS
environment, particularly in conjunction with the EXAM
system at FRI, UNIZA. Connected to the EXAM system,
where students write their tests, the API receives the results
from these tests. It then undertakes transformations, error
analysis, and performance evaluations on these results,
returning scores, logs, and statistics to the users.

Built on the Spring Boot framework, the API offers a
streamlined approach to query analysis, providing
standardized endpoints and response formats for efficient and
secure interactions. Leveraging advanced algorithms and
query validation techniques, it assesses the syntactical and
semantic accuracy of submitted queries, identifying errors or
inconsistencies.

Furthermore, the API provides valuable insights into
query execution and error analysis, enabling users to refine
their query writing skills and optimize database operations
effectively. By integrating with the EXAM system, it offers a
seamless experience for students, instructors, and
administrators, ensuring the integrity and accuracy of database
interactions within the educational context at Faculty of
Management Science and Informatics, UNIZA.

K. Run-time life cycle

The sequence diagram outlines the interaction flow
between a Testing Application, an API, and a Database. The
process initiates with the Testing Application triggering
actions like adding functions, starting developer mode, and
processing data. Subsequently, the API responds with actions
like changing configuration files for grading and sending files.

The main flow begins with sending request from Testing
application to API to process one or two SQL statements. If it
is the initial run of the application, then the tables and
functions are retrieved from database and saved into JSON
files. Following the initial steps, the subsequent phase involves
a process characterized by the execution of numerous
functions and transformations within the API. Upon
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completion of this phase, the API furnishes the Testing
application with the transformed SQL statement, accompanied
by logging information and a score.

The Testing Application also interacts with the API
by initiating developer mode and retrieving data such as tables
and functions. API then proceeds to save this information.
Following these requests, the Database processes the incoming
data and responds accordingly.

Overall, the sequence diagram illustrates a cohesive
flow of actions between the Testing Application, API, and
Database, showcasing the interactions involved in the testing
process.

TESTING
APLICATION

DATABASE

addFunctions

addingFunctionsyyithSameResult

startDeveloperhode

startDeveloperiode

process

getTanles
returnTables
getFunctions

retumFunctions

savelnformationintoJSon
processing
response
displayResults

getStatistics

response

changeConfigurationFileForGrading

sendFiles

changeConfigurationOfGracing

Fig. 1. Sequence Diagram for whole solution

L. Testing application

The testing application operates in conjunction with the
API, providing a crucial platform for displaying transformed
queries and facilitating comparison.

Through the testing application, users can submit SQL
queries, including those generated by students, to be processed
by the API. The application offers a user-friendly interface for
inputting queries and initiating the transformation process.

A key feature of the testing application is its ability to
display transformed queries generated by the API. Users can
observe these transformed queries in real-time, gaining




ISSN 2305-7254

insights into the impact of transformation techniques on query
structure and syntax.

Furthermore, the testing application enables users to
compare original and transformed queries side by side,
allowing for thorough analysis of the transformation process.
This comparison functionality provides users with valuable
information to assess the effectiveness of transformation
techniques and identify potential optimizations.

Additionally, the testing application offers comprehensive
logging and error analysis capabilities. Users can review
detailed logs of query transformations and any encountered
errors, aiding in the refinement of transformation strategies
and ensuring the reliability of the Oracle DBS environment.

In summary, the testing application serves as a valuable
tool for displaying transformed queries and facilitating
comparison, empowering users to evaluate the efficacy of

transformation  techniques within the Oracle DBS
environment.
‘ Add functions with same result H Edit configuration ‘

SLECT name, surnam

FRROM person_infy

WHERE LOWER(name) = 'peter
ADN LEGTH(surname < 10;

SELECT name, surname

FROM person_info

WHERE LOWER(name) = 'peter’
AND LENGTH(surname) < 10;

‘ Send Request H Statistics ‘

[_] Developer Mode

pdated statement:
'SELECT name, surname
FROM person_info
WHERE LOWER(name) = 'peter'
AND LENGTH(surname) < 10
Teacher's statement:
'SELECT name, surname
FROM person_info
WHERE LOWER(name) = 'peter’
AND LENGTH(surname) < 10;
Logs:
Formating statement
Replaced keyword: slect ,with keyword: select
Replaced keyword: frrom ,with keyword: from
Replaced keyword: ADN ,with keyword: and
Replaced function: LEGTH with function: LENGTH
'There are right parameters inside function:lower

Fig. 2. Sample output in the test application
IV. TESTING AND ANALYSIS

A. Manual Testing

Manual testing is an essential and interactive process used to
assess the functionality, usability, and performance of the API.
Testers engage in exploratory testing, where they actively
interact with the interface, navigating through functionalities,
inputting diverse queries, and closely observing system
responses. This hands-on approach uncovers unexpected
behaviors, edge cases, and usability intricacies that may not be
captured by scripted test cases.

An integral part of manual testing involves evaluating the
interface's error handling mechanisms. Testers intentionally

I
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trigger errors to observe the system's response, assessing the
effectiveness of error reporting, exception handling, and data
integrity preservation.

While manual testing may not encompass exhaustive
performance testing, testers monitor responsiveness and
efficiency under varying conditions. They analyse response
times, identify performance bottlenecks, and evaluate resource
utilization to assess scalability and efficacy.

In practical terms, manual testing entails exploring different
functionalities, sending diverse queries, and interacting with the
interface in various ways to uncover errors. For example, in
student queries, the interface may return partial transformations
with logs, indicating errors that would typically be detected by
SQL Developer or other Integrated Development Environments
(IDEs).

B. Analysis of test results

Following manual testing, a thorough analysis of test
results is conducted to identify areas for improvement and
optimization. This analysis includes evaluating changes such
as adjusting the loading order of JSON files or implementing
optimizations like breaking for loops.

For instance, altering the sequence in which JSON files are
loaded can significantly impact the interface's performance.
By prioritizing the loading of frequently used files, such as
those containing common functions, the interface can expedite
query execution and enhance overall efficiency.

Similarly, implementing optimizations like breaking for
loops can streamline processing and improve response times.
By identifying and addressing such opportunities for
enhancement, the interface can deliver a more seamless user
experience and optimize performance.

Overall, the analysis of test results serves as a valuable

feedback mechanism, driving continuous improvement
initiatives to refine the functionality, usability, and
performance of the API.

V. FUTURE WORK

In our commitment to ongoing enhancement, we are
focusing on extending the integration of our solution to
encompass popular Learning Management Systems (LMS).
This expansion will facilitate seamless access for students and
educators to view their scores and assessment outcomes
directly within their preferred LMS interface. By incorporating
this feature, we aim to optimize the educational process,
fostering a smoother learning experience for all stakeholders.

Moreover, enhancing support for multiple database
platforms is imperative for maximizing the versatility and
applicability of our solution. Although currently optimized for
Oracle Database Management System (DBMS), extending
compatibility to widely used platforms such as MySQL,
PostgreSQL, or SQL Server will significantly broaden its
reach. This endeavor entails adapting the system to seamlessly
accommodate the specific syntax, functions, and features of
different database systems. By ensuring compatibility across
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various dialects, we aim to promote consistency and efficiency
in educational assessments across different database platforms.

Additionally, our focus on advancing automation
capabilities remains unwavering as we continue to evolve.
Specifically, in handling complex transformations and
optimizations, our aim is to further streamline the grading
process for educators. For instance, implementing additional
transformations for joins, such as left and right joins, will
enhance query performance and efficiency. Likewise,
consolidating multiple functions into a single function when
they produce identical results will simplify query structures
and improve readability. These advancements will enable
educators to allocate more time to teaching and guiding
students, rather than manually grading tasks.

In summary, our future extensions aim to make our
solution even more accessible, versatile, and efficient. By
expanding integration with LMS platforms, enhancing support
for multiple database platforms, and advancing automation
capabilities, we are committed to providing educators and
students with a comprehensive toolset that optimizes the
educational assessment process.

VL

This section presents the key findings from our efforts to
improve how we handle Data Manipulation Language (DML)
commands, especially in educational settings like the Faculty
of Management Science and Informatics, University of Zilina.
Rather than enumerating all the discussed points, the emphasis
will be placed on elucidating the principal insights and
progress made in automating and improving educational
assessments, especially when it comes to databases.

CONCLUSION

Dealing with DML commands can be tricky, especially
when it comes to grading students' work. Traditional grading
methods can be slow and prone to errors. In response, we've
developed a tool to streamline the analysis and correction of
DML commands within the EXAM system.

Our tool offers several features to make grading easier and
more accurate. For example, it can analyse Oracle database
functions, integrate smoothly with existing exam systems, and
handle various types of SQL commands.

We also looked at existing tools and methods for grading
DML commands. While they're helpful, they often fall short in
providing a complete solution. Our tool aims to fill those gaps
and provide a more comprehensive way to assess students'
work.

Close collaboration was established with educators and
stakeholders affiliated with the Faculty of Management and
Informatics at UNIZA for the development of this solution. It's
designed to make grading faster and more efficient, especially
for tasks like evaluating SQL syntax and query optimization.

Future research perspectives could focus on addressing
several key areas that remain unresolved and warrant attention
in the immediate future. One crucial direction is the
integration of this system into, ensuring seamless connectivity
and utilization of its capabilities within academic settings.
Additionally, there's a need for more comprehensive testing on
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real-world datasets to validate the efficacy and robustness of
the system under diverse conditions. Although several short-
term goals have been accomplished, as delineated in this
manuscript, additional short-term objectives may encompass
enhancing the efficiency, accuracy, and reliability of the
grading process for students. This could involve refining
aggregation functions, completing the program output for
teachers, and addressing similar tasks to enhance the overall
functionality and usability of the system. These endeavors will
contribute to enhancing the functionality and practical
applicability of the system, paving the way for more efficient
and effective educational practices.

Comparing statements represents the most extensive area
addressed in our work. Within this domain, there are abundant
opportunities for analytical work and unexplored possibilities.
This presents long-term potential and serves as fertile ground
for ongoing research and development efforts.

Our solution is inherently adaptable to accommodate
various SQL dialects, not only SQL Oracle. Whether catering
to MySQL, PostgreSQL, or other database platforms, its
architecture is primed for extension and integration. By
embracing a broader spectrum of dialects, we can enhance its
utility across diverse educational contexts and promote
inclusivity within database education.

Overall, our solution represents a significant step forward
in automating educational assessments, particularly in
database-related courses. Through the utilization of
contemporary technology and feedback garnered from
educators, endeavors are being made to enhance the learning
experience for both students and instructors.
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