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Overview

I How to represent arbitrary text? Tokenization.

I What is a generativemodel and how is it trained? Self-Supervised Learning.

I What kind of neural networks are LLMs? Transformer Architecture.

I How to make pre-trainedmodels useful for e.g. a chat setting? Supervised

Fine-Tuning.

I How to align LLMs with human values? Prompting and Reinforcement

Learning with Human Feedback.
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Tokenzation

Text is split into tokens (=small chunks of text).

I Tokens are one-hot-coded

I Tokens are generated from text, e.g.

with Byte Pair Encoding (BPE): Start

from raw character encoding (e.g.

UTF-8) and iteratively replace the most

frequent pair of characters (or character

sequences), e.g. (‘A’, ‘B’)⇒ ‘AB’

I Qwen3 has 151’936 tokens.

https://arxiv.org/abs/1508.07909, https://arxiv.org/abs/2505.09388
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Self-Supervised Pre-Training

Next-Token Prediction

Find neural network parameters θ that
maximize the log-likelihood

L(θ) =
∑
t

log(P(xt|xt–1, xt–2, . . . , xt–c, θ))

=
∑
t

log(sxt(fθ(xt–1, xt–2, . . . , xt–c)))

where xt is the token at position t in some

text, c is the context length, s is the

softmax function, and fθ is a neural

network with parameters θ.

I A huge amount of text is used for

pre-training. Qwen3: 36 trillion tokens

covering up to 119 languages and

dialects.

I The context length can be quite large.

Qwen3: 32’768 tokens.

I We can query the trained model for the

probability of the next token:

https://cdn.openai.com/research-covers/language-unsupervised/language_understanding_paper.pdf
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Text Generation

Once a model is trained, we can use it in

auto-regressive mode to generate new text.

1. sample a token given the already generated

text (using P(xt|xt–1, xt–2, . . . , xt–c, θ))

2. append the newly sampled token.

3. repeat 1 and 2 until sufficiently many tokens

(or some stop token) is generated.

I greedy strategy: the token with highest

probability.

I top-k strategy: sample from top k tokens

with the relative weights.

I other strategies: beam sampling, controlling

the stochasticity

Tokenzation Self-Supervised Pre-Training Transformer Architecture Fine-Tuning and Alignment
6



Table of Contents

1. Tokenzation

2. Self-Supervised Pre-Training

3. Transformer Architecture

4. Fine-Tuning and Alignment

Tokenzation Self-Supervised Pre-Training Transformer Architecture Fine-Tuning and Alignment
7



Transformer Architecture

I In principle, one could take a multilayer

perceptron for the neural network fθ ,

however, for 151’936 input dimensions

(one-hot-coded tokens) and context

length 32’768, the first hidden layer

would have a gigantic weight matrix of

dimension d(1) × (151′936× 32′768)

I 1. Idea (Embedding): project

one-hot-coded tokens to

lower-dimensional space first. Qwen3:

2048 dimensions, i.e. a 2048× 151′936
dimensional matrix is applied token per

token, such that a sequence of length T

(T × 151′936 matrix) becomes a matrix X
of size T × 2048.

I 2. Idea (Attention for mixing):

rowwise_softmax
(
XWQWKX

>/
√
d
)

(XWV )

I 3. Idea (MLP for non-linear transform):

For non-linear transformation of the

token vectors, the same multi-layer

perceptron is applied to every row of

the Attention layer output.

I A transformer block contains an

attention layer, potentially some

normalization layers to stabilize training,

and an MLP.

I Putting it all together:

Input→ Embedding→multiple

Transformer Blocks→ output prediction

https://arxiv.org/abs/1706.03762
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Transformer Architecture

rowwise_softmax
(
XWQWKX

>/
√
d
)

(XWV )
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Fine-Tuning and Alignment

https://arxiv.org/abs/2307.09288
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Fine-Tuning and Alignment

Supervised Fine-Tuning

27’540 chat examples for supervised training Alignment: Reinforcement Learning

with Human Feedback

Humans write a prompt and rate two

possible responses

https://arxiv.org/abs/2307.09288
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Why LLMs hallucinate

I LLMs often give wrong answers

very confidently

I Pre-training: hallucinations

unavoidable, because it is

trained to produce plausible

continuations.

I Fine-Tuning and Alignment:

could reduce hallucinations if it

avoids rewarding bluffs

https://arxiv.org/abs/2509.04664

Tokenzation Self-Supervised Pre-Training Transformer Architecture Fine-Tuning and Alignment
13

https://arxiv.org/abs/2509.04664


Links

I https://jalammar.github.io/illustrated-transformer

I https://www.youtube.com/watch?v=7xTGNNLPyMI

I https://www.youtube.com/watch?v=EWvNQjAaOHw
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