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Timeline of AI Progress

- 2012 – Convolutional neural networks (AlexNet)
- 2013 – Word embeddings (word2vec)
- 2014 – GANs
- 2015 – ResNets  
- 2016 – AlphaGo  
- 2017 – Transformer  
- 2018 – BERT  
- 2019 – GPT-2  
- 2019 – AlphaStar
- 2020 – GPT-3  
- 2020 – AlphaFold2  
- 2022 – Text-to-Image (DALL·E 2, Stable Diffusion)  
- 2022 – ChatGPT (RLHF)  
- 2023 – GPT-4  
- 2024 – LLaMA & Open-Source LLMs 
- 2025 – Agents



[2012] Imagenet & Deep CNNs



[2012] Imagenet & Deep CNNs



[2012] Imagenet & Deep CNNs

Won ImageNet by large margin

Sparked deep learning revolution in vision
cs.toronto.edu/~kriz/imagenet_classification_with_deep_convolutional.pdf



Deep CNNs power autonomous vehicles

cs.toronto.edu/~kriz/imagenet_classification_with_deep_convolutional.pdf



[2012] Adversarial Examples fool Deep CNNs

https://www.aeye.ai/resources/industry-references/a-decade-of-autonomous-vehicle-investme
nts/



[2012] Adversarial Examples fool Deep CNNs

arxiv.org/abs/1312.6199



[2012] Adversarial Examples fool Deep CNNs

arxiv.org/abs/1312.6199



[2013] Word embeddings   (word2vec)

arxiv.org/abs/1607.06520



Word2Vec and Bias

Encoded gender stereotypes

("man:programmer :: woman:homemaker")

Risk of perpetuating biases from data into downstream 
tasks

https://arxiv.org/abs/1607.06520



Word2Vec and Bias

Still an open problem…
https://humanities.org.au/power-of-the-humanities/
black-nazis-asian-vikings-and-other-problems-with-

generative-ai/



[2014] Generative Adversarial Networks  (GANs)

- Generator + discriminator → realistic 
images

- Foundation for AI art, video synthesis



thispersondoesnotexist.com



http://www.youtube.com/watch?v=R5KK_XA89Dk


[2015] ResNets

Skip connections → train ultra-deep nets 
(100+ layers)

state-of-the-art on ImageNet (again)
arxiv.org/abs/1512.03385



ResNets -> scaling

arxiv.org/abs/2001.08361

(this was 2019,
but you get the point)



The quest for 'explainability'

darpa.mil/program/explainable-artificial-intelligence



Explainability is hard

https://arxiv.org/abs/1312.6034



Explainability is hard



[2016] AlphaGo   ⚫ ⚪

nature.com/articles/nature16961



AlphaGo, AlphaZero, and Self-improving AI

https://arxiv.org/abs/1712.01815



AlphaGo, AlphaZero, and Self-improving AI

https://ai-2027.com/?ending=slowdown



[2020] AlphaFold

nature.com/articles/s41586-021-03819-2



AlphaFold and biosecurity concerns

Dual-use worries: protein design misused

DeepMind consulted bioethics experts for 
release
Biological reward model example and sign flip 
implications

deepmind.google/discover/blog/alphafold-using-ai-for-scientific-discovery/



[2022] Text-to-Image Models

openai.com/dall-e-2



Text-to-Image without copyright

https://arxiv.org/abs/2310.16825



now it is time 
to talk about 
language models



[2017] Transformers

https://arxiv.org/abs/1706.03762





[2018] BERT

- "Pretrain" + fine-tune paradigm emerges
- Huge performance gains on translation
- First super widely adopted language model  

https://arxiv.org/abs/1810.04805



[2019] GPT-2

1.5B parameters, coherent text generation

Decoder-only paradigm emerges

‘Pretrained’ on Wikipedia, Reddit, lots of 
other stuff…

openai.com/research/gpt-2





GPT-2 and memorization

https://bair.berkeley.edu/blog/2020/12/20/lmmem/



[2020] GPT-3

175B params, few-shot learning emergent

Wide-ranging tasks via API

https://arxiv.org/abs/2005.14165





books3  📚

https://huggingface.co/datasets/Geralt-Targaryen
/books3



books3  📚

https://huggingface.co/datasets/Geralt-Targaryen
/books3



[2022] InstructGPT and RLHF

- GPT-3.5 fine-tuned with human feedback
- LLMs are conversational now
- Predecessor to chatGPT

openai.com/chatgpt



[2022] ChatGPT (RLHF)

openai.com/chatgpt
One of the fastest-growing products ever



[2023] GPT-4

https://openai.com/research/gpt-4



https://www.bloomberg.com/graphic
s/2023-generative-ai-bias/



Hallucinations

https://en.wikipedia.org/wiki/Hallucination
_(artificial_intelligence)



The Alignment Problem   (jailbreaking)

https://www.anthropic.com/research/tracing-thou
ghts-language-model



The Alignment Problem   (jailbreaking)



Language model sycophancy

x.com/___frye/status/1916576684595417159/photo/1



futurism.com/former-ceo-uber-ai



[2024] – Open LLMs (LLAMA and DeepSeek)

- Open-source language models are catching up to 
the frontier in performance (or trying to)

- Sadly, releasing model weights causes additional 
security problems



Pretraining → learning to predict all the tokens on the 
internet

LLAMA-3 was pre-trained on 10 billion tokens

What do we use instead of books3?

Pretraining, copyright, and open 
models    🗃



arxiv.org/abs/2012.07805





[2025] – Agents


