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Foundation: Tokens and Attention, 
Transformer Models
• Tokens

• https://beta.openai.com/tokenizer

• Attention is all you need
(Self attention)

• https://arxiv.org/abs/1706.03762

• https://github.com/google-research/bert

•

• Explanation of transformers:

• https://www.youtube.com/watch?v=zxQyTK8quyY
(StatQuest with Josh Starmer)

• https://towardsdatascience.com/illustrated-guide-to-transformers-step-by-
step-explanation-f74876522bc0

https://beta.openai.com/tokenizer
https://www.youtube.com/watch?v=zxQyTK8quyY
https://towardsdatascience.com/illustrated-guide-to-transformers-step-by-step-explanation-f74876522bc0
https://towardsdatascience.com/illustrated-guide-to-transformers-step-by-step-explanation-f74876522bc0


Visualizing Attention (weights between tokens)

• https://github.com/jessevig/bertviz

• https://colab.research.google.com/drive/1hXIQ77A4TYS4y3UthWF-
Ci7V7vVUoxmQ

• https://colab.research.google.com/drive/1PEHWRHrvxQvYr9NFRC-
E_fr3xDq1htCj

• https://colab.research.google.com/drive/1m37iotFeubMrp9qIf9yscXEL1zhx
TN2b

• https://colab.research.google.com/drive/1hXIQ77A4TYS4y3UthWF-
Ci7V7vVUoxmQ?usp=sharing

Token output sequential – next token predicted based on previous token

https://github.com/jessevig/bertviz
https://colab.research.google.com/drive/1hXIQ77A4TYS4y3UthWF-Ci7V7vVUoxmQ
https://colab.research.google.com/drive/1hXIQ77A4TYS4y3UthWF-Ci7V7vVUoxmQ
https://colab.research.google.com/drive/1PEHWRHrvxQvYr9NFRC-E_fr3xDq1htCj
https://colab.research.google.com/drive/1PEHWRHrvxQvYr9NFRC-E_fr3xDq1htCj
https://colab.research.google.com/drive/1m37iotFeubMrp9qIf9yscXEL1zhxTN2b
https://colab.research.google.com/drive/1m37iotFeubMrp9qIf9yscXEL1zhxTN2b


What is it?

LARGE model to process text based input mostly for completion

GPT-2:

https://openai.com/blog/better-language-models/

GPT-3:

• https://openai.com/blog/openai-api/
https://arxiv.org/pdf/2005.14165.pdf

https://openai.com/blog/openai-api/
https://arxiv.org/pdf/2005.14165.pdf


GPT-3 Codex

• Training dataset collected in May 2020

• 54 million public software repositories hosted on GitHub

• Eg 179 GB of unique Python files under 1 MB.

• filtered out files which were likely auto-generated, had average line 
length greater than 100, had maximum line length greater than 1000, 
or contained a small percentage of alphanumeric characters.

• After filtering, final dataset totaled 159 GB



ChatGPT

• Based on GPT-3.5

• Optimized for a question and answer back and forth

• Asks for clarifications

• Tries to decline things that are unethical or illegal.



GPT-4 – Mixture of 
Experts Model

• 8k context window/32k window

• GPT-4 Technical Report
https://arxiv.org/abs/2303.08774

• Sparks of Artificial General Intelligence: Early experiments with GPT-4
https://arxiv.org/abs/2303.12712

• Blundin: …then the investment in the creation of the foundation model is in the on the 
order of 50 million-100 million just in the in the training process.
Altman: “It’s much more than that”
Blundin: What’s the magnitude?
Altman: “We don’t share but it’s much more than that.”
https://www.youtube.com/watch?v=T5cPoNwO7II&t=396s

• Sam Altman won’t tell you that GPT-4 has 220B parameters and is a 16-way mixture 
model with 8 sets of weights
https://youtu.be/dNrTrx42DGQ https://youtu.be/1v-qvVIje4Y?t=72 (1:13)

• https://twitter.com/swyx/status/1671272883379908608

• https://www.semianalysis.com/p/gpt-4-architecture-infrastructure (paywall)

• https://archive.is/2RQ8X

• Mixture of Experts:  https://ai.googleblog.com/2022/11/mixture-of-experts-with-
expert-choice.html?m=1

https://arxiv.org/abs/2303.08774
https://arxiv.org/abs/2303.12712
https://www.youtube.com/watch?v=T5cPoNwO7II&t=396s
https://youtu.be/dNrTrx42DGQ
https://youtu.be/1v-qvVIje4Y?t=72
https://twitter.com/swyx/status/1671272883379908608
https://www.semianalysis.com/p/gpt-4-architecture-infrastructure
https://archive.is/2RQ8X
https://ai.googleblog.com/2022/11/mixture-of-experts-with-expert-choice.html?m=1
https://ai.googleblog.com/2022/11/mixture-of-experts-with-expert-choice.html?m=1


GPT-4

•Announced March 14, 2023

https://www.youtube.com/watch?v=qbIk7-JPB2c

https://arxiv.org/abs/2303.08774

https://www.youtube.com/watch?v=qbIk7-JPB2c


Emergent Abilities of Large Language Models

https://arxiv.org/abs/2206.07682



The other extreme – how small can we do it?

• TinyStories: 
How Small Can 
Language 
Models Be and 
Still Speak 
Coherent 
English?

• https://arxiv.or
g/abs/2305.07
759

https://arxiv.org/abs/2305.07759
https://arxiv.org/abs/2305.07759
https://arxiv.org/abs/2305.07759


Azure OpenAI and APIs



Prompting

• Be explicit

• Think of the context

• Force the model to “reason”: Make it work on more tokens

• Chain-of-Thought prompting

• Self-Inspection / Retrospection

• LLMs may be able to improve prompts:
https://arxiv.org/abs/2211.01910
Large Language Models Are Human-Level Prompt Engineers

https://arxiv.org/abs/2211.01910


Chain-of-Thought

LARGE LANGUAGE MODELS ARE HUMAN-LEVEL PROMPT ENGINEERS

https://arxiv.org/abs/2211.01910



Tree of thought

https://arxiv.org/abs/2305.10601

https://arxiv.org/abs/2305.10601


Guidance

• https://github.com/guida
nce-ai/guidance

https://github.com/guidance-ai/guidance
https://github.com/guidance-ai/guidance


Microsoft Autogen

https://github.com/
microsoft/autogen

https://github.com/microsoft/autogen
https://github.com/microsoft/autogen


https://arxiv.org/abs/2304.03442v1

https://arxiv.org/abs/2304.03442v1


Tiny Town?

• Generative Agents: Interactive Simulacra of Human 
Behavior

• Related:

• https://www.convex.dev/ai-town

• https://github.com/a16z-infra/ai-town

• https://github.com/mkturkcan/generative-agents

• https://github.com/nickm980/smallville

https://arxiv.org/abs/2304.03442v1

https://www.convex.dev/ai-town
https://github.com/a16z-infra/ai-town
https://github.com/mkturkcan/generative-agents
https://github.com/nickm980/smallville
https://arxiv.org/abs/2304.03442v1


Many more developments…



The reversal
curse

https://twitter.com/OwainEvans_UK/status/1705285631520407821 https://owainevans.github.io/reversal_curse.pdf
https://arxiv.org/abs/2309.12288v2

https://twitter.com/OwainEvans_UK/status/1705285631520407821
https://owainevans.github.io/reversal_curse.pdf
https://arxiv.org/abs/2309.12288v2


Language Models Represent Space and Time?
https://arxiv.org/abs/2310.02207

https://arxiv.org/abs/2310.02207


Language Models Represent Space and Time?

https://arxiv.org/abs/2310.
02207

https://arxiv.org/abs/2310.02207
https://arxiv.org/abs/2310.02207


The Geometry of Truth: Emergent Linear Structure 
in Large Language Model Representations of 
True/False Datasets

https://saprmarks.github.io/
geometry-of-
truth/dataexplorer/

https://arxiv.org/abs/2310.06824

https://github.com/saprmarks/geometry-of-truth

https://saprmarks.github.io/geometry-of-truth/dataexplorer/
https://saprmarks.github.io/geometry-of-truth/dataexplorer/
https://saprmarks.github.io/geometry-of-truth/dataexplorer/
https://arxiv.org/abs/2310.06824
https://github.com/saprmarks/geometry-of-truth


Risks and 
Biases?



How to handle Risk and Biases?

• Use Filters?

• Improve Training sets?

• Extra training (fine tuning)?

• Modding the model?
Locating and Editing Factual Associations in GPT
https://rome.baulab.info/

https://rome.baulab.info/


ANDREAS ERBEN (CTO, CEO Americas)

- Over 25 years of experience

- Exposed to VR in the mid 1990s
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Thank you!
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