COURSE UNIT (MODULE) DESCRIPTION

Course unit (module) title

Code

Large Language Models

DKMO01

Lecturer(s)

Department(s) where the course unit (module) is delivered

Coordinator: Aistis Raudys

Other(s): Ausra Suboniené

Institute of Computer Science
Faculty of Mathematics and Informatics
Vilnius University

Study cycle Type of the course unit (module)
15t (BA) Elective
Mode of delivery Period when the course unit Language(s) of instruction
(module) is delivered
Face-to-face 5, 7 semesters English

Requirements for students

Prerequisites: python programming skills

| Additional requirements (if any): none

Course (module) volume Total student’s workload Contact hours Self-study hours
in credits
5 137 62 75

Purpose of the course unit (module): programme competences to be developed

Purpose of the module: The "Large Language Models" module provides students with an understanding of Large
Language Models (LLMs), their evolution, applications, and future trends. It covers key concepts, such as how LLMs are
trained, different types of LLMs, prompt engineering, and fine-tuning techniques. Students will gain hands-on experience
with real-world applications, including code generation and retrieval-augmented generation (RAG). The module also
addresses critical topics such as security, privacy, and ethical concerns in LLM usage. Upon completing the module,
students will be equipped to evaluate the capabilities and limitations of LLMs and apply them to practical scenarios.

Generic competences:

e Analyze and systematize information (BK1).
e Apply knowledge of LLMs to real-world scenarios (BK2).
e Work independently and in teams to solve problems using LLMs (BC3).

Specific competences:

e Fundamentals of LLM architectures and training techniques (DKS5).
e Practical understanding of Prompt Engineering (DK6).

e Applying LLMs in different industries and specialized tasks (DK7).
e Hands-on experience with real-world LLM applications (DK9).

e Understanding of LLM evaluation metrics and ethical considerations (DK10).

Learning outcomes of the course unit (module)

methods

Teaching and learning

Assessment methods

Understand the history and evolution of LLMs

and their impact on modern Al.

independent reading

Lectures, interactive lectures, Written exam, homework

Understand the principles of training LLMs and

how different datasets and architectures are used. | independent reading

Lectures, interactive lectures, Written exam, homework

Learn and apply prompt engineering techniques

for effective LLM interactions.

independent reading

Lectures, interactive lectures, Written exam, homework




Explore various types of LLMs (GPT, LLaMA,
open-source models) and their applications.

Lectures, interactive lectures,

independent reading

Written exam, homework

Develop skills in LLM fine-tuning and
guantization techniques.

Lectures, interactive lectures,

independent reading

Written exam, homework

Evaluate the ethical implications of using LLMs
and understand security/privacy concerns.

Lectures, interactive lectures,

independent reading

Written exam, homework

Understand and use Retrieval-Augmented
Generation (RAG) techniques in real-world
applications.

Lectures, interactive lectures,

independent reading

Written exam, homework

Evaluate LLM performance using fluency,
coherence, and factual accuracy metrics.

Lectures, interactive lectures,

independent reading

Written exam, homework

Contact hours

Self-study work: time and

assignments
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1. Overview of LLMs and their historical evolution | 2 2 4 |5 | Write asummary of
LLM history

2. Training LLMs: Datasets, models, and | 2 2 4 | 5 | Analyze a dataset used

infrastructure in LLM training

3. Understanding different types of LLMs 2 2 4 |5 | Comparetwo LLMs in
terms of architecture
and performance

4. Basics of Prompt Engineering (Part 1) 2 2 4 | 5 | Design effective
prompts for text
summarization tasks

5. Prompt Engineering (Part 2) and Iterative Prompt | 2 2 4 | 5 | Refine prompts

Design through an iterative
process

6. Applications of LLMs in real-world scenarios 2 2 4 |5 | Create an LLM-based
application (e.g.,
summarization or
translation)

7. LLM Fine-tuning and Quantization Techniques 2 2 4 | 5 | Fine-tune a pre-trained
model on a specific
dataset

8. Introduction to Retrieval-Augmented Generation | 2 2 4 | 5 | Implementasimple

(RAG) RAG system for
semantic search

9. Ethical and security considerations in LLMs 2 2 4 | 5 | Write areporton
ethical challenges and
mitigation strategies

10. Programming with LLMs: Copilot, Function 2 2 4 | 5 | Generate Python code

Calling using an LLM-based
tool (e.g., GitHub
Copilot)




11. LLM Evaluation Metrics and Hallucination 2 2 4 | 5 | Evaluate the output of
Detection an LLM for fluency,
coherence, and
factuality
12. Transfer Learning and Hybrid Models 2 2 4 | 5 | Write a case study on
transfer learning in
LLMs
13. Inference Optimization in LLMs 2 2 4 | 5 | Optimize inference
time for a specific
LLM task
14. LLM Governance and Regulatory Landscape 2 2 4 | 5 | Write apolicy
proposal addressing
governance of LLMs
15. Multimodal Models and Text-to-Image | 2 2 4 | 5 | Generate images using
Generation a multimodal model
(e.g., DALL-E or
Stable Diffusion)
16. Exam 2 Final written exam
covering all topics
Total [ 30| 0 |O |0 |30|0 |62|7
5
Assessment strategy Weight,% | Deadline | Assessment criteria
Homework: Tasks 1, 2, 3, 15% Week Judged by: completeness and quality of written summary.
4 3
Homework: Tasks 5, 6, 7, 15% Week Judged by: effectiveness of prompt design and application
8 6 to given tasks.
Homework: Tasks 9, 10, 15% Week Judged by: accuracy and performance of the fine-tuned
11 9 model on the dataset.
Homework: Tasks 12, 13, 15% Week Combine all aspects of RAG project into one system.
14,15 14 Judged by: functionality, completeness, and quality of
work.
Exam (written) 40% At the Answers to 4 questions from the lecture material.
end of Evaluated based on completeness, accuracy, and examples.
the
semest
er
Author Year of | Title Issue of a | Publishing place and house
publicati periodical or web link
on or volume of
a publication
Compulsary reading
S. Russel, P. Norvig 2021 Artificial Intelligence: A 4th edition Pearson, ISBN-13: 978-
Modern Approach 1292401133
Aistis Raudys 2024 Lecture slides - -
Optional reading
Vaswani et al. 2017 Attention Is All You Advances in Curran Associates Inc.
Need Neural https://arxiv.org/abs/1706.03
Information 762
Processing
Systems 30
T. B. Brown et al. 2020 Language Models are - Curran Associates Inc.
Few-Shot Learners https://arxiv.org/abs/2005.14




165

L. Tunstall, L. von 2023 Natural Language 1st edition O'Reilly Media, ISBN-13:

Werra, T. Wolf Processing with 978-1098136796
Transformers

J. Alammar, M. 2024 Hands-On Large Language | 1st edition O'Reilly Media, ISBN-13:

Groottendorst

Models: Language
Understanding and
Generation

978-1098150969




KURSU DALIS (MODULIS) APRASYMAS

Dalyko (modulio) pavadinimas Kodas
Didieji kalby modeliai DKMO01
Lektorius (-iai) Padalinys (-iai), kuriame (-iai) déstomas kurso dalykas
(modulis).
Koordinuojantis: Aistis Raudys Informatikos institutas
5 Matematikos ir informatikos fakultetas
Kiti: AuSra Suboniené Vilniaus universitetas
Studiju ciklas Dalyko (modulio) tipas
Bakalaury (pirmoji) Pasirenkamas
Pristatymo baidas Laikotarpis, kai pristatomas kurso Mokymo kalba (-0s).
dalykas (modulis).
Auditoriné 5, 7 semestrai angly kalba

Reikalavimai studentams

Biitinos salygos: Python programavimo jgiidziai | Papildomi reikalavimai (jei yra): néra
Kurso (modulio) apimtis Visas studento darbo Kontaktinés valandos Savarankisko darbo
kreditais Kriivis valandos
5 137 62 75

Dalyko (modulio) tikslas: ugdomos programos kompetencijos

Modulio paskirtis: Modulis ,,Didieji kalby modeliai* suteikia studentams supratimg apie didziuosius kalby modelius
(angl. Large Language Models - LLM), jy raida, pritaikyma ir ateities tendencijas. Jis apima pagrindines temas, pvz.,
kaip mokomi LLM, skirtingi LLM tipai, uzklausy inzinerija ir LLM mokymo metodai. Studentai jgis praktinés patirties
su realiomis programomis, jskaitant kodo generavimg ir RAG (angl. Retrieval Augumented Generation). Modulis taip pat
apima svarbias temas, tokias kaip saugumas, privatumas ir etikos problemos naudojant LLM. Baige modulj, studentai
galés jvertinti LLM galimybes ir apribojimus bei pritaikyti juos praktiniams scenarijams.

Bendrosios kompetencijos:
e  Analizuoti ir sisteminti informacijg (BK1).
e Zinias pritaikyti praktikoje (BK2).
e Organizuoti ir planuoti darbus, dirbti individualiai ir grupéje (BK3).

Konkrecios kompetencijos:
e  Algoritmy kiirimo ir jy sudétingumo jvertinimo (DK5).

e Programavimo (DK®6).
e  Sistemy architektaros (DK7).
e Informacijos valdymo (DK9).
e Matematinio ir kompiuterinio modeliavimo (DK10).
Dalyko (modulio) studijy siekiniai Mokymo ir mokymosi Vertinimo metodai
metodai
Zinos LLM istorijg ir evoliucija bei jy jtaka Paskaitos, interaktyvios Egzaminas ra$tu, namy darbai
Siuolaikiniam Al. paskaitos, savarankiskas
literatiiros skaitymas




Gebés suprasti LLM mokymo principus ir kaip
naudojami skirtingi duomeny rinkiniai ir
architekttiros.

Paskaitos, interaktyvios
paskaitos, savarankiskas
literatiiros skaitymas

Egzaminas rastu, namy darbai

Gebés iSmokti ir pritaikyti uzklausy inzinerijos
metodus veiksmingam LLM naudojimui.

Paskaitos, interaktyvios
paskaitos, savarankiskas
literatiiros skaitymas

Egzaminas rastu, namy darbai

Gebés naudoti jvairiy tipy LLM (GPT, Gemini,
LLaMA, ir kitus).

Paskaitos, interaktyvios
paskaitos, savarankiskas
literatiiros skaitymas

Egzaminas rastu, namy darbai

Isisavins LLM koregavimo ir kvantavimo metody
iglidzius.

Paskaitos, interaktyvios
paskaitos, savarankiskas
literatiiros skaitymas

Egzaminas rastu, namy darbai

Gebés jvertinti LLM naudojimo etines pasekmes
ir suprasti saugumo / privatumo problemas.

Paskaitos, interaktyvios
paskaitos, savarankiskas
literataros skaitymas

Egzaminas rastu, namy darbai

Gebés suprasti ir naudoti RAG metodus realiose
situacijose.

Paskaitos, interaktyvios
paskaitos, savarankiskas
literatiiros skaitymas

Egzaminas rastu, namy darbai

Gebés jvertinti LLM nasuma, naudodami
sklandumo, nuoseklumo ir faktinio tikslumo
metrikas.

Paskaitos, interaktyvios
paskaitos, savarankiskas
literatiiros skaitymas

Egzaminas rastu, namy darbai

Kontaktinés valandos

Savarankiskas darbas:

laikas ir uZduotys
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1. LLM ir jy istorinés raidos apzvalga 2 2 Parasykite LLM
istorijos santrauka
2. LLM mokymas: duomeny rinkiniai, modeliai ir | 2 2 ISanalizuokite
infrastruktiira duomeny rinkinj,
naudojama LLM
mokymuose
3. Supratimas apie skirtingus LLM tipus 2 2 Palyginkite du LLM
architekttros ir naSumo
pozitiriu




4. Uzklausy inzinerija (1 dalis) 2 2 4 | 5 | Sukurkite efektyvia
teksto apibendrinimo
uzklausa

5. Uzklausy inzinerija (2 dalis) ir iteratyvi uzklausy | 2 2 4 | 5 | Patikslinkite uzklausas

inZinierija per pasikartojantj
procesa

6. LLM taikymas realaus pasaulio scenarijuose 2 2 4 | 5 | Sukurkite LLM
pagrista programa
(pvz., santrauka arba
klasifikavimo)

7. LLM koregavimo ir kvantizavimo metodai 2 2 4 | 5 | Pasileiskite kvantizuota

modelj savo aplinkoje
ir jj panaudokite

8. Ivadas | paiesSkos papildyta generavimg (angl. | 2 2 4 | 5 | Idiekite paprasta RAG

RAG) sistemg semantinei
paieskai

9. LLM etiniai ir saugumo aspektai 2 2 4 | 5 | Parasykite pranesima
apie etinius i$stukius ir
jy mazinimo strategijas

10. Programavimas su LLM: Copilot, Function 2 2 4 | 5 | Generuokite Python

Calling kodg naudodami LLM
irankj (pvz., ,,GitHub
Copilot™)

11. LLM vertinimo metrika ir haliucinacijy 2 2 4 | 5 | Ivertinkite LLM

aptikimas rezultatus sklandumui,
nuoseklumui ir
faktiskumui

12. Mokymosi perkélimas ir hibridiniai modeliai 2 2 4 | 5 | Parasykite atvejo
analiz¢ apie mokymosi
perkélima LLM

13. ISvady optimizavimas LLM 2 2 4 | 5 | Optimizuokite
konkrecios LLM
uzduoties iSvados laika

14. LLM priezitira ir reguliavimas 2 2 4 | 5 | Parasykite politikos
pasitlyma, skirta LLM
valdymui

15. Multimodaliniai modeliai ir teksto i vaizda | 2 2 4 | 5 | Generuokite vaizdus

generavimas

naudodami daugiarssj
modelj (pvz., DALL-E
arba stabilig difuzija)

16. Egzaminas 2 Galutinis egzaminas
rastu, apimantis visas
temas

ISviso (30 |0 |0 |0 |30 |0 |62 |7
5
Vertinimo strategija Svoris, % | Terminas | Vertinimo Kriterijai
Namy darbai: uzduotys 1, 15% 3 Vertinama pagal: raSytinés santraukos iSsamumg ir kokybe,
2,3,4 savaité uzduotims efektyvuma
Namy darbai: uzduotys 5, 15 % 6 Vertinama pagal: operatyvaus projektavimo ir pritaikymo
6,7,8 savaité duotoms uzduotims efektyvuma.
Namy darbai: uzduotys 9, 15% 9 Vertinama pagal: tiksliai suderinto modelio duomeny
10, 11 savaiteé rinkinyje tikslumg ir nasuma.
Namy darbai: uzduotys 15% 14 Vertinama pagal: funkcionaluma, i§samuma ir darbo
12,13, 14, 15 savaité kokybe.
Egzaminas (rastu) 40 % Sem. Atsakymai j 16 klausimy i$ paskaitos medziagos. Vertinama
Pab. pagal iSsamuma, tikslumg ir pavyzdzius.




Autorius Isleidimo | Pavadinimas Periodinio Leidybos vieta ir leidykla
metali leidinio arba interneto nuoroda
numeris  ar
leidinio tomas
Privalomas skaitymas
S. Russel, P. Norvig 2021 Artificial Intelligence: A 4th edition Pearson, ISBN-13: 978-
Modern Approach 1292401133
Aistis Raudys 2024 Paskaity skaidrés - -
Pasirenkamas skaitymas
Vaswani et al. 2017 Attention Is All You Need Advances in Curran Associates Inc.
Neural https://arxiv.org/abs/1706.03
Information 762
Processing
Systems 30
T. B. Brown et al. 2020 Language Models are Few- - Curran Associates Inc.
Shot Learners https://arxiv.org/abs/2005.14
165
L. Tunstall, L. von 2023 Natural Language 1st edition O'Reilly Media, ISBN-13:
Werra, T. Wolf Processing with 978-1098136796
Transformers
J. Alammar, M. 2024 Hands-On Large Language | 1st edition O'Reilly Media, ISBN-13:

Groottendorst

Models: Language
Understanding and
Generation

978-1098150969




