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Last time…

What has happened since June 2017?



General Language Understanding Evaluation 
(GLUE)
• Benchmark Natural Language Understanding

• Read: classification tasks

• Collection of nine tasks
• E.g., Stanford Question Answering Dataset (SQuAD)

• Text: At University of Waterloo, CS 480 is the course “Introduction to 
Machine Learning.” It is taught by Gautam Kamath.

• Q: Who teaches CS 480?
• A: 18, 19

• Indices of start and end of answer “Gautam Kamath”



BERT (Bidirectional Encoder Representations 
from Transformers)
• Google, October 2018
• Two phases of training

• Pre-training: self-supervised 
learning to “understand 
language”

• Fine-tuning:  supervised learning 
to specialize to task

• “Encoder-only” architecture
• [CLS] token
• [SEP] token
• 340M parameters



BERT Pre-training

• BooksCorpus  and Wikipedia
• Two self-supervised tasks
• Masked Language Modeling

• The algorithm minimizes the 
prediction error of [MASK].
• Static Masking

• Next Sentence Prediction
• [CLS] The algorithm minimizes 

the loss. [SEP] It converges after 
ten epochs.



BERT Fine-Tuning

• Remove Mask LM and NSP 
head

• Attach new head for task you 
care about

• Continue training model 
weights on training set of task
• E.g., SQuAD or other dataset



BERT Results



RoBERTa (Robustly Optimized BERT)

• Facebook and University of Washington, July 2019
• Remove NSP pre-training objective
• Dynamic masking
• Trained on 10x data (16 GB -> 160 GB)

• Includes CC-News, OpenWebText, Stories (explain datasets)

• Longer training (~15x more tokens)
• BERT: 1 million steps with batch size 256
• RoBERTa: 500 thousand steps with batch size 8,000



RoBERTa Results



…RoBERTa Reviews



GPT-1 (Generative Pre-trained Transformer)

• OpenAI, June 2018
• Two phases of training

• Pre-training
• Fine-tuning

• “Decoder-only” architecture
• 117M parameters



GPT-1 Pre-training

• “Next word prediction” (really token)
• Maximum likelihood on next token given 𝑘 previous tokens

• 𝑘 is Attention’s context window size, 512 for GPT-1

• Versus BERT
• BooksCorpus



GPT-1 Fine-Tuning



GPT-1 Results



GPT-1 -> GPT-2

• Open AI, February 2019
• Model released in November 2019
• …too dangerous to release?

• Same architecture as GPT-1…
• …But 10x bigger (1.5B parameters)

• WebText
• What’s wrong with Common Crawl?

• Purely generative, no fine-tuning necessary!
• Though you still can do it

• Zero-shot
• “English: Hello. French: “



GPT-2

• Purely pre-training
• Maximum likelihood on next token prediction

• Evaluation metrics for language models?
• How well is it modelling the text it sees?

• Perplexity: exp −
1

𝑁
σ𝑖=1

𝑁 log 𝑃 𝑥𝑖 𝑥<𝑖)  
• (discuss range and interpretation)

• LAMBADA
The family was packed and ready for their flight to Japan. Alice had carefully placed her passport inside the blue folder before 

putting the folder into her carry-on bag. The dog sitter arrived late, delaying their departure. They argued about the route to the 

airport and almost missed the shuttle. Alice was sweating by the time they reached the terminal curb, worried they were late. 

After rushing and arguing, Alice was exhausted. She realized she forgot to pick up the blue folder containing the [_______].



GPT-2 Results (Zero-shot, variety of domains)



GPT-2 -> GPT-3

• Open AI, May 2020
• Model never released
• Open? AI

• Same architecture as GPT-1…
• …But 100x bigger (175B parameters)

• WebText (40GB) to Filtered CommonCrawl (570GB), 10x bigger
• Plus WebText2, Books1, Books2, Wikipedia

• Demonstrates “in-context learning” for new tasks



GPT-3



GPT-3



GPT-3 (k = 50)



GPT-3



Scale is all you need? Scaling Laws

• How can we scale up our models?
• Parameter Count 𝑁
• Dataset Size 𝐷 (tokens)

• Assumption: “high data” regime so no token is used twice
• Compute 𝐶 (FLOPs)

• Why not just make all of them as big as possible?
• Claim: 𝐶 ≈ 6𝑁𝐷

• Each token going through each parameter takes 2 FLOPs in forward pass, 
4 FLOPs in backward pass

• Suppose we have a fixed compute budget 𝐶. How to choose 𝑁, 𝐷?
• Which (𝑁, 𝐷) minimizes the loss? 



Chinchilla (Google, March 2022)

• Idea: train many models at low compute budgets 𝐶 with varying 𝑁 
and 𝐷. Extrapolate based on trends.



IsoFLOP Curves

To minimize training loss, 𝑁 ∝ 𝐶0.5, 𝐷 ∝ 𝐶0.5 -- recall 𝐶 ≈ 6𝑁𝐷, so both scale at same rate
Kaplan et al., 2020: 𝑁 ∝ 𝐶0.73, 𝐷 ∝ 𝐶0.27, scale parameters faster than data



Takeaway: Train a smaller model on more data



Chinchilla Results



Are Scaling Laws the Gospel?

• Why might we deviate from scaling law prescriptions?



Chain of Thought (Google, January 2022)

• Include in the prompt “Let’s think step by step.”
• It does, and that’s better



Instruction Tuning

• Prompt: “Write a poem about machine learning.”
• Generation: “Write a short story about data science. Write an 

essay about neural networks.”
• Trained only to continue the text, not answer the question.
• Instead: train the model to answer questions



FLAN (Google, September 2021)

Maximum likelihood, conditioned on prompt 𝑥: max σ𝑖=1
𝑁 log 𝑃𝜃 𝑦𝑖 𝑥, 𝑦<𝑖)



FLAN



FLAN Results



Scale in FLAN



Reinforcement Learning with Human 
Feedback (RLHF)
• Previous problem: We don’t want language models to continue a 

phrase, we want them to respond to instructions
• Problem now: We don’t want language models to respond to 

instructions, we want them to respond to respond to instructions 
in a way that humans want

• Prompt: My computer is running slow, what should I do?
• Answer from the Internet: Delete System32

• Troll/joke answer. But LLMs may learn this as a good response…
• Other goals: Safety (“Build a bomb”), legal (“Don’t output 

copyrighted material”)
• Train with humans in the loop



InstructGPT (Open AI, March 2022)



Step 2: Collect comparison data, train a 
reward model
• Model generates 𝐾 possible completions for a prompt
• Human ranks these 𝐾 completions from best to worst

• Results in 𝐾
2

 pairwise comparisons between outcomes

• Train a model 𝑟𝜃(𝑥, 𝑦), mapping prompt 𝑥 and response 𝑦 to score

𝐿 𝜃 = −
1

𝐾
2

𝐸 𝑥,𝑦𝑤,𝑦𝑙 ∼𝐷[log(𝜎(𝑟𝜃 𝑥, 𝑦𝑤 − 𝑟𝜃 𝑥, 𝑦𝑙 )] 

• 𝑦𝑤 and 𝑦𝑙  are the winning and losing response for each pair



Step 3: Reinforcement Learning

• Proximal Policy Optimization (PPO)
objective 𝜙

= 𝐸 𝑥,𝑦 ∼𝐷
𝜋𝜙

𝑅𝐿
𝑟𝜃 𝑥, 𝑦 − 𝛽 log

𝜋𝜙
𝑅𝐿 𝑦|𝑥

𝜋𝜙
𝑆𝐹𝑇 𝑦|𝑥

+ 𝛾𝐸𝑥∼𝐷𝑝𝑟𝑒𝑡𝑟𝑎𝑖𝑛
log 𝜋𝜙

𝑅𝐿 𝑥

• Maximize reward of the model, don’t stray too far from the original 
model

• “Alignment tax”



Users prefer model with RLHF



Alignment Tax



ChatGPT (Open AI, November 2022)

• Essentially GPT-3.5 with RLHF
• InstructGPT GPT-3 with RLHF

• This is when LLMs became mainstream
• …and roughly when they stopped telling us what they do.
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