From Standard Transformers to Modern LLMs:
Bringing Dialogue Models, RAG, and Agents to the Classroom
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Abstract ing and evaluation with modern benchmarks, espe-

Modern LLM education is increasingly cen-
tered on system building: grounding generation
with retrieval, enabling tool use, and deploying
models under latency and cost constraints. We
present an updated release of our open course
on Transformer-based LLMs and multimodal
models (Nikishina et al., 2024). The update
introduces topics that have become important
since the first edition: a session on Retrieval-
Augmented Generation (RAG), a hands-on ses-
sion on tool-using agents, an API-based track
for applied work with LLMs, and practical lo-
cal inference with vVLLM. We also add a ded-
icated session on multimodal dialog models
with a focus on dialog grounding. Incorpo-
rating the course with a discussion on long-
context transformers, focusing on KV-cache
efficiency along with the related models and
benchmarks, completes the system-building
course update, suitable for various audiences.
All materials are released online.!

1 Introduction

Transformer fundamentals remain necessary for un-
derstanding modern LLMs, but they are no longer
sufficient for preparing students for applied work.
In contemporary industrial settings, practitioners
typically build end-to-end LLM systems rather than
train models from scratch. There, grounded an-
swers come from proprietary or rapidly changing
corpora using retrieval, orchestrate multi-step tool
use with agents, and frequently rely on API-served
models due to infrastructure, licensing, or com-
pliance constraints. In parallel, widely adopted
architectural updates (e.g., RoPE and GQA/MQA)
and serving considerations (KV-cache memory, la-
tency/throughput trade-offs) affect feasibility and
cost, yet are often missing from “classical” Trans-
former course curricula. Finally, multimodal assis-
tants require explicit treatment of dialogue ground-

"https://github.com/s-nlp/transformers-course
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cially in non-English settings where their coverage
is critical. These practical shifts call for an updated
course curriculum.

2 Course Overview

The first version of the course was presented at the
TeachingNLP workshop by Nikishina et al. (2024).
In this paper, we present the second (updated) ver-
sion. As summarized in Table 1, the updated course
comprises 14 sessions and targets learners with
Python and ML/DL experience who have little prior
exposure to Transformers and LLMs. Each session
includes a lecture and a practical part with hands-
on code examples in Jupyter notebooks.

H*

Session Status

Transformer model

1
2 Transformer-based Encoders
3 Classification with Transformers
4 Transformer-based decoders
5 Towards ChatGPT (updated)
6 Efficient Transformers (updated)
7 RAG with Transformers (new)
8  Introduction to AT Agents (new)
9 Uncertainty estimation for Transformers (updated)
10 Uncertainty quantification for generation tasks (new)
11 Multilingual language models
12 Multimodal dialogue models (updated)
13 Transformers for tabular data (updated)

Transformers for event sequences

Table 1: Topics included in the course curriculum.

Table 2 summarizes the main additions with re-
spect to the first version of the course.

Modern Transformer architecture updates (Ses-
sions 5) We updated the core Transformer part of
the course to reflect widely adopted architectural
improvements in contemporary LLMs (e.g., RoPE-
based positional encodings, grouped and multi-
query attention, etc.) and how these improvements
impact inference efficiency.

Efficient Transformers: Long-Context Chal-
lenges (Session 6) We added a dedicated module
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Update in the course

‘What students learn and why it matters

Modern Transformer architecture updates (Sessions 5)
Long-context challenges (Session 6)

RoPE and GQA/MQA, and their usage in practical inference.
Long-context problems: resource-consuming KV-cache, forgetting, needle in a haystack.

RMT-transformer and corresponding benchmarks.

RAG as a first-class topic (Session 7)
Agents and tool use (Session 8)

End-to-end RAG pipeline design (data prep, indexing, retrieval, grounded prompting).
Tool-using loops: tool wrappers, stopping criteria, typical failure modes (tool misuse, looping, brittle

parsing), plus an introduction to basic multi-agent patterns.

API-first practice for RAG and Agents (Sessions 7-8)

Working with API-served models as a core applied skill: authentication, request/response handling, rate

limits, error handling, and cost-aware usage.

Uncertainty for LLMs (Sessions 9-10)
Multimodal dialogue grounding (Session 12)

Advanced methods for detection of prediction confidence in classification and generative tasks.
Multi-turn vision-language grounding and evaluation with modern benchmarks (e.g., MERA Multi);

efficient inference/serving examples under latency and memory constraints.

Table 2: Main additions and updates and their instructional value.

on long-context modeling. We motivate this topic
by outlining key milestones that have increased
context requirements: video inputs, retrieval-
augmented generation (RAG), and the need to pre-
serve user interaction history in chatbots. The
course continues with a discussion on quality bot-
tlenecks that may arise in long-context tasks, rel-
evant benchmarks (Nelson et al., 2024; Churin
et al., 2025), and transformer-based architectures
designed for these settings (Dai et al., 2019; Bu-
latov et al., 2022). Concerning efficiency, a pri-
mary issue is KV caching: with long contexts, it is
memory-intensive and can slow attention computa-
tion during inference. We review methods that (i)
reduce the size of the stored cache and (ii) lower
the attention’s time complexity.

RAG as a first-class topic (Session 7) Retrieval-
augmented generation (RAG) is a default compo-
nent for many industrial LLM applications where
answers must be grounded in proprietary or fre-
quently changing knowledge, and hallucinations
are costly. In the theory part, we discuss common
architectural variants: (i) frozen RAG, (ii) RePlug-
style retrieval augmentation (Shi et al., 2024), and
(iii) the classical RAG formulation (Lewis et al.,
2020). The practical part is made on building
industrial-style RAG pipelines (data preparation, in-
dexing, retrieval, grounded prompting) with struc-
tured debugging.

Agents and tool use (Session 8) We add a hands-
on module on tool-using LLM agents built around
the ReAct paradigm (Yao et al., 2022). Students
implement tool wrappers, define stopping criteria,
and analyze common failure modes (tool misuse,
looping, brittle parsing). The course also includes
a lightweight introduction to multi-agent patterns
(delegation/critique/voting) as discussion material,
anticipating further developments of applications
in this direction.
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API-first LLM practice and reproducibility (Ses-
sions 7-8) In many applied settings, students will
not fine-tune or self-host LLMs, but will build sys-
tems on top of API-served models. Therefore, API
literacy (authentication, request/response formats,
rate limits, error handling, and cost-aware usage)
becomes a core practical skill. The course inte-
grates an explicit API-based track into Session 7
(RAG) and Session 8 (Agents), illustrated with Gi-
gaChat (Mamedov et al., 2025). We plan to expand
API usage examples to other sessions.

Uncertainty for LLMs (Sessions 9-10) Dealing
with LLM hallucinations, overgenerations, and re-
lated phenomena became an important direction in
research and practice. We have added a new lecture
on this topic and considerably extended an existing
one. Again, the content covers both cases: when
we have a white-box LLM and want to estimate un-
certainty for it, or we have only a black-box model
in the form of an API service. The practice session
builds on LM-Polygraph (Vashurin et al., 2025).

Multimodal dialogue grounding (Session 12)
We address multimodal LLMs in multi-turn dia-
log, focusing on how models ground conversational
turns in visual evidence. It covers the core chal-
lenge of aligning perception with dialog context,
analyzing typical failure modes such as perceptual
errors, reasoning flaws, and instruction-following
issues. Practical deployment aspects, including la-
tency and memory constraints, are illustrated using
efficient inference libraries like vLLM (Kwon et al.,
2023). We also discuss multimodal benchmarks,
such as MERA Multi (Chervyakov et al., 2025).

3 Conclusion

We updated a foundational Transformer course
into a modern, system-centric LLM curriculum
by integrating RAG, tool-using agents, API-based
workflows, efficient inference practices, and a dedi-
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cated session on multimodal dialog grounding with
benchmark-driven evaluation. We release all ma-
terials openly to support reuse and adaptation by
instructors facing rapidly evolving LLM tooling.
Slides and notebooks are organized as a modular
repository that supports partial adoption (e.g., only
the RAG/Agents block or only multimodal dialog).
Homework assignments and quizzes are available
upon request via the contact email.
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Limitations

Our materials reflect the state of LLM tooling at the
time of the course update and may require main-
tenance as APIs, libraries, and model behaviors
evolve. Some practical components rely on access
to external APIs and/or GPU resources; institutions
with strict network policies, limited budgets, or
restricted compute may need to adapt the assign-
ments.

Ethical Considerations

The course addresses the responsible use of LLMs
in educational and applied settings. Throughout the
course, we discuss the risks of hallucinations, bias,
and privacy leakage in RAG and agentic systems,
and we emphasize data governance when working
with proprietary corpora and API-served models.
When using external APIs, we highlight the impor-
tance of complying with service terms and avoiding
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