15. Towards nice-by-design cybersecurity learning environments: A cyber range for SOC teams /
S. Karagiannis et al. Journal of network and systems management. 2024. Vol. 32, no. 2. URL:
https://doi.org/10.1007/s10922-024-09816-w (date of access: 13.05.2024).

PO3POBKA OCBITHIX IHCTPYMEHTIB JUISA MATEMATHUKU TA ®I3UKHW HA OCHOBI
II: BUKOPUCTAHHS LATEX I III AJISI CTBOPEHHS TA BUPILIEHH S
CTPYKTYPOBAHUX 3AB/IAHb
Development of Al-Driven Educational Tools for Mathematics and Physics: Leveraging LaTeX and Al
to Create and Solve Structured Tasks

Cax P.I./ Sakh R.L
Hamionansauii yHiBepcuret “KueBo-Mormnsacrka akanemis” / National University of “Kyiv-Mohyla
Academy”
04655, Kuis, Byn. ['puropis CxoBopozw, 2, kad. MepexxHux TexHomorii, (044) 425-77-23
e-mail: roman.sakh@ukma.edu.ua, 093-313-50-38

This thesis explores the transformation of traditional mathematics and physics education
through the development of Al-powered tools capable of generating and solving tasks with complete
solutions. By converting existing schoolbooks into a structured LaTeX format, parsing solutions, and
using this data to train AI models, we propose a scalable, automated approach to educational content
creation. The system employs advanced natural language processing (NLP) techniques and
mathematical solvers to generate new tasks in a similar style, complete with detailed solutions. This
paper details the processes of dataset preparation, model training, and solution architecture,
emphasizing reproducibility and adaptability in educational systems.

Introduction

Mathematics and physics education relies heavily on the availability of diverse, well-
structured problems accompanied by detailed solutions. While textbooks offer a finite number of tasks,
educators often need to supplement these resources with new problems tailored to their students’ needs.
This demand underscores the potential of artificial intelligence (AI) to not only generate educational
content dynamically but also validate its correctness by providing solutions.

In this paper, we propose a system that digitizes and parses existing schoolbooks into a
machine-readable format using LaTeX, then trains Al models on these datasets to generate new,
contextually relevant problems with solutions. The system’s goal is twofold: enhance the variety of
educational resources and provide students and educators with an interactive tool to explore complex
concepts.

Dataset Preparation
1. Digitization and Conversion to LaTeX
Existing schoolbooks form the foundation of our dataset. Textbooks are digitized and
converted into LaTeX format to ensure structural consistency and flexibility. LaTeX, a typesetting
system widely used for scientific and mathematical documentation, allows precise representation of
equations, diagrams, and logical structures.
The digitization process involves:
e Optical Character Recognition (OCR): Extracting textual content from physical books.
e Semantic Parsing: Identifying and tagging problems, examples, and solutions.
e Conversion to LaTeX: Encoding problems and solutions using LaTeX to preserve
mathematical notation.
2. Parsing Solutions
Solutions are parsed into step-by-step instructions. Each step is tagged with metadata,
including:
e Problem type (e.g., algebra, calculus, mechanics).
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e Step category (e.g., equation solving, substitution).
e Expected outcome (e.g., intermediate values, final answer).
These annotations create a robust dataset for supervised learning, allowing models to
recognize patterns and logical sequences.

3. Dataset Structuring
The parsed content is stored in a structured format such as JSON or XML, enabling seamless
integration with machine learning pipelines. This structure includes:
e  Problem statement (LaTeX).
e  Solution steps (LaTeX and natural language).
e  Metadata (difficulty level, topic, skill requirements).

Model Learning Process
1. Task Generation Model
The model architecture is based on a transformer framework such as OpenAl's GPT or
Google’s BERT. These models excel in generating and understanding text, making them ideal for both
task generation and solving.
1. Pretraining: The model is pretrained on a large corpus of mathematical and
scientific text, including textbooks, academic papers, and online educational resources.
2. Fine-tuning: Using the structured dataset, the model is fine-tuned to:
o Recognize mathematical notation and physics problems.
o Generate new tasks with varying levels of difficulty.
o  Ensure contextual relevance by mimicking the style and format of the input data.
2. Solution Generation Model
A second model, fine-tuned on the parsed solutions dataset, is trained to:
e  Understand task requirements.
e Replicate logical reasoning steps.
e  Produce step-by-step solutions.
This model incorporates symbolic computation tools (e.g., SymPy for Python) to validate its

3. Evaluation and Feedback Loop
Generated tasks and solutions are evaluated by:
e Comparing against known problems and solutions.
e Employing symbolic solvers to verify correctness.
e Incorporating educator feedback for iterative improvement.

Solution Architecture
The system comprises three main components:
1. Data Processing Module:
o OCR and parsing tools convert textbooks into LaTeX and structured formats.
o A semantic parser extracts and annotates solutions.
2. Al Model Pipeline:
o A task generation model creates problems in LaTeX.
o A solution generation model outputs step-by-step solutions.
3.  Web Interface:
o Provides a user-friendly platform for educators and students.
o Enables users to input topics or difficulty levels and receive tailored problems and
solutions.
System Workflow:
1. Input: Educators specify parameters (topic, difficulty, problem type).
2. Task Generation: The model creates a new problem in LaTeX.
3. Solution Validation: The solution model generates and verifies the answer.
4. Output: The user receives both the problem and the validated solution.

Challenges and Solutions
e Dataset Quality: Errors in OCR and parsing can propagate. Solution: Use manual verification
and iterative refinement of parsing algorithms.
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e Model Limitations: The complexity of mathematical logic poses challenges. Solution:
Augment models with symbolic solvers for accuracy.

e Adaptability: Tasks must cater to diverse curricula. Solution: Train models on multi-
language, multi-region datasets.

Impact and Applications

The proposed system offers:
e  Unlimited access to dynamically generated problems and solutions.
e Personalized learning experiences tailored to individual skill levels.
e Time savings for educators in preparing teaching materials.
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APXITEKTYPA HYJIbOBOI TOBIPH / ZERO TRUST ARCHITECTURE
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This paper is dedicated to Zero trust architecture, which is a modern approach to cybersecurity that
implements the idea that the system has already been hacked. It helps to combat new threats and is
constantly updated. This makes it easy to scale and improve results.

ApxitekTypa Hymb0BOi HoBipH (Zero Trust Architecture, ZTA) € cy9acHUM IiIX0A0M 10 KiOepOe3neKH,
SKUIl BIPOBADKYE TyMKY NPO Te L0 CUCTEMY BXKE 3J1aMaHo. B 3B’A3Ky 3 IIMM MOJEINb BIIPOBAIKYE
HEJOBIpY 10 BCiX 3alUTIB A0 AaHHX. TOMY KOXXEH JOCTYII Ma€e OyTH MiATBepKeHUM. B ymoBax
30UTBIIICHHS TOMYJIAPHOCTI XMapHUX OOYHCIICHD 1€ € paJuKalbHi 3MiHa B OPIBHIHHI 3 TPaAULiHHIMHA
MozesMu. OcoONMBY yBary MpHUILTIETHCS 3a0e3eueHHI0 HaiitHOT Oe3MeKn CKIIaqHIX Ta JHHAMIYHUX
CepBICiB.
OCHOBHa BiIMIHHICTh B TOMY, 1110 KO’)KE€H KOPUCTYBay, IIPUCTPii Ta 3’€IHAHHS HE 3aCIyTrOBY€E Ha
JIOBIpy 3a 3aMOBYyBaHH;IM. HaToMicTh Ipy KO’KHOMY 3aIUTi Ma€ POXOAUTH TepeBipKa, sika Oyze
MiATBEpIKYBaTH Oe3meKy. Tak MokHa TOCATTH MOBHY Ta MOCTIHHY ieHTH(IKAIII0 JaHUX i TO3BOIIB
ot noctymy. Ilpu mboMy 30epiraeThcst THYYKICTh i MacIITabOBaHICTh CUCTEMH Oe3IeKH, sika 3HAYHO
3MeHIIye 3arpo3u. KitrouoBoto rmepeBar gaHol Mozeni, 1e ii 31aTHiCTh afanTyBaTHCh 10
HaliCyJacHIINX THUITIB 3arpo3, sIKi IMOCTIHHO 3MIiHIOIOTHCS Ta €BOJIOIIOHYIOTE. Lle moB’s3aHo 3 THM, IO
CTaHAAPTHI cUCTEMH Oe3MeKH MoOyI0BaHI Ha OCHOBI YiTKO BU3HAUYEHHX ITapaMETPiB Ta HE BCTUTAIOThH
3a pO3BUTKOM. BOHH He MOXXYTh HIATPUMYBATH JOBFOCTPOKOBHI BHCOKHH PiBEHb €()EKTHBHOCTI , KOJIH
KIJIBKICTh TAaHUX 30UIBIIYETHCS 1 CTa€ epedyBaTH B PI3HUX CepelloBUILNAX. APXITEKTypa HyJIbOBOT
JIOBIpH HaJa€ MOXKJINBICTh CKOPUCTATHCS PyLISHHSIMH JUTS IIUX BUKJIHKIB, 320€3MEYUTH
0araTopiBHEBHUI 3aXHUCT..
ApxitekTypa OyayeThesi HA QyHIaMEHTAIbHUX MPHHIUIAX:
e  SIBHa Bepuoikauis: KoxxeH 3anuT Ha JOCTYII MijIsrae mepeBipili Ha BiAMOBIIHICTD
BCTAQHOBJICHUM IIOJIITUKAaM, HE3aJIEKHO BiJ TOTO, YU 3HAXOAUTHCS KOPHCTYBad ab0 MPHUCTPil
yCepearHi 9u 103a MeKaMH OpTaHi3allil.

e  [lpunnun HaliMeHIIOro mpuBiieto: KopuctyBauam i mpUCTPOSIM HAMAETHCS JIHIIE TOH 00CsT
JOCTYITy, IKAI HEOOXITHUI I BUKOHAHHS IXHIX 3aBaaHb. Lle 0OMexye mMaciitadbu
MOTEHLIHHOT LIKOAX Y pa3i KOMIpOMeTallii.
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