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Instruction tuning

Instruction tuning

Pre-training
Instruction 

tuning
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Language Models

Language Models

• Decoder-only LLMs

• Modeling auto-regressive distribution 

over tokens

• P(t) = P(t1)P(t2| t1)P(t3| t1, t2)P(t4| t1…t3)…

• Generation / Sampling: t ∼ P

Decoder

Distributions / logits

Embeddings 

Output

LLM

What Is An LLM …

Is An LLM …
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Instruction tuning

Instruction tuning

• Teach a LLM to follow a certain 

template in answering

• Tell LLMwhattodo

• Doesnot tell LLMwhatnottodo
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RLHF
Reinforcement Learning from Human Feedback

RLHF
Reinforcement Learning from Human Feedback

• Shape LLM outputs according to 

human preference / ranking
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RLHF

RLHF

8



RLHF
Reinforcement Learning from Human Feedback

RLHF
Reinforcement Learning from Human Feedback

• Step 1:Instruction tuning

• Human labeler writes prompt

• Plain, few-shot, customer-based

• Human labeler writes answer

• InstructGPT:13 ksamples
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RLHF
Reinforcement Learning from Human Feedback

RLHF
Reinforcement Learning from Human Feedback

• Step 2:Reward model learning

• Human labeler writes prompt

• Plain, few-shot, customer-based

• Human labeler ranks ansers

• InstructGPT: 33ksamples (6.6k

annotator, 26.5kcustomer)
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RLHF
Reinforcement Learning from Human Feedback

RLHF
Reinforcement Learning from Human Feedback

• Step 2:Reward model learning

• Train a small 6B reward model r(x, y)

• LLM is 175 B

• Loss pairwise preference (Bradley-

Terrymodel)

ℓ = Ex,y+,y− [log σ (r(x, y+) − r(x, y−))]
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RLHF
Reinforcement Learning from Human Feedback

RLHF
Reinforcement Learning from Human Feedback

• Step 3:Reinforcement Learning

• Collect interesting prompts

• InstructGPT: 32k samples (customer 

data)
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RLHF
Reinforcement Learning from Human Feedback

RLHF
Reinforcement Learning from Human Feedback

• Step 3:Reinforcement Learning

• Fine-tune LLM to maximize reward 

model r(x, y)

• PPO maximize:

Ey∼P(⋅|x) [(r(y, x))∇log P(y |x)] − βDKL [P(y |x)|Pref(y|x)]

• Action =predict next token

• Requires4 models:Reference, 

generator, critic, reward
13



Why use reinforcement learning?

Why use reinforcement learning?

• Sampling next tokens is non-

differentiable

• Tokensarediscrete

• No gradient to sample different token 

fromreward function

• Do we need to use complex deep RL

algorithms?
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RLHF
Reinforcement Learning from Human Feedback

RLHF
Reinforcement Learning from Human Feedback

• RLHF alone degrades models performance: Alignment Tax

• aligning the models only on customer tasks can make their 

performance worse on some other academic NLP tasks

• Solution:

• Add KL-divergence penalty between Instruction-tuned and RLHF model

• Mix in pre-training data / gradient
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RLHF

19



RLHF
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RLHF

RLHF

Pre-training
Instruction 

tuning
RLHF
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What are Scaling Laws ?

What are Scaling Laws ?

● Describe how system properties change w.r.t. parameters

● Commonly used across various fields

○ Physics

○ Statistics

○ Biology
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Prior Works on Scaling Laws in Neural Networks

Prior Works on Scaling Laws in Neural Networks

● Neural networks (1989)

● Generalization of neural nets (1991)

● Classification (1993)

● General deep learning (2017)

● Generative modeling (2020)

● Language models (2020)

Ahmad et al. "Scaling and Generalization in Neural Networks: A Case Study." (1989).

Cohn et al. "Can neural networks do better than the Vapnik-Chervonenkis bounds." (1991). 

Barkai et al. "Scaling Laws in Learning of Classification Tasks." (1993).

Hestness et al. "Deep Learning Scaling is Predictable, Empirically." (2017). 

Henighan et al. "Scaling Laws for Autoregressive Generative Modeling." (2020). 
Kaplan et al. "Scaling Laws for Neural Language Models." (2020).

27



Existing Work on Scaling Laws

Existing Work on Scaling Laws

● Kaplan et al. show a relationship between model size & performance

○ This motivated much of the progress and scaling of LLMs

Kaplan et al. "Scaling Laws for Neural Language Models." arXiv preprint arXiv:2001.08361 (2020).
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History of LLM Progression

History of LLM Progression

Layton, D. "ChatGPT — How we got to where we are today — a timeline of GPT development.” 

https://medium.com/@dlaytonj2/chatgpt-how-we-got-to-where-we-are-today-a-timeline-of-gpt-development-f7a35dcc660e (2023). 

Lubbad, M. "GPT-4 Parameters: Unlimited guide NLP’s Game-Changer."

https://mlubbad.medium.com/the-ultimate-guide-to-gpt-4-parameters-everything-you-need-to-know-about-nlps-game-changer-109b8767855a (2023). 

Shree, P. "The Journey of Open AI GPT models." https://medium.com/walmartglobaltech/the-journey-of-open-ai-gpt-models-32d95b7b7fb2 (2020).

GPT GPT-2 GPT-3

2018 2019 2020

GPT-4

2023
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History of LLM Progression

History of LLM Progression

GPT

117M

GPT-2

1.5B

GPT-3

175B

2018 2019 2020

Layton, D. "ChatGPT — How we got to where we are today — a timeline of GPT development.” 

https://medium.com/@dlaytonj2/chatgpt-how-we-got-to-where-we-are-today-a-timeline-of-gpt-development-f7a35dcc660e (2023). 

Lubbad, M. "GPT-4 Parameters: Unlimited guide NLP’s Game-Changer."

https://mlubbad.medium.com/the-ultimate-guide-to-gpt-4-parameters-everything-you-need-to-know-about-nlps-game-changer-109b8767855a (2023). 

Shree, P. "The Journey of Open AI GPT models." https://medium.com/walmartglobaltech/the-journey-of-open-ai-gpt-models-32d95b7b7fb2 (2020).

GPT-4

1.76T ?

2023

30
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Trends

Trends
● Larger models & more data

● Hyperparameter tuning

● Different architectures

Yang et al. "Tuning large neural networks via zero-shot hyperparameter transfer." (2021). 

McCandlish et al. "An empirical model of large-batch training." (2018).

Shallue et al. "Measuring the effects of data parallelism on neural network training." (2018). 

Zhang et al. "Which algorithmic choices matter at which batch sizes?." (2019).

Levine et al. "The depth-to-width interplay in self-attention." (2020).
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Key Idea

Key Idea

● Motivation: LLM training is expensive

○ Large models, with parameter count N

○ Large datasets, with D tokens

○ For a given compute budget C (in FLOPs)
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Differences from Previous Works

Differences from Previous Works

This paper: Kaplan et al:

● Varies number of training tokens

● Adapts cosine LR schedule

● Larger models

● Considers embedding parameters

Kaplan et al. "Scaling Laws for Neural Language Models." arXiv preprint arXiv:2001.08361 (2020).

● Fixed number of training tokens

● Fixed cosine LR schedule

● Smaller models

● Doesn’t count embedding parameters
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Key Idea

Key Idea
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Kaplan et al. "Scaling Laws for Neural Language Models." arXiv preprint arXiv:2001.08361 (2020).



Key Idea

Key Idea

35



Approach 1: Fix model sizes  vary number of training tokens

Approach 1: Fix model sizes &vary number of training tokens
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Approach 1: Minimum over training curves

Approach 1: Minimum over training curves
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Approach 1: Minimum over training curves

Approach 1: Minimum over training curves
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Approach 1: Minimum over training curves

Approach 1: Minimum over training curves
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Approach 2: IsoFLOP Profiles

Approach 2: IsoFLOP Profiles
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Approach 2: IsoFLOP Profiles

Approach 2: IsoFLOP Profiles
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Approach 2: IsoFLOP Profiles

Approach 2: IsoFLOP Profiles
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Approach 2: IsoFLOP Profiles

Approach 2: IsoFLOP Profiles
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Approach 3: Fitting a Parametric Function

Approach 3: Fitting a Parametric Function

Transformer under-performs ideal generative process

Entropy of natural text (minimum possible loss for any generative process)

Transformer is not trained to convergence
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Approach 3: Fitting a Parametric Function

Approach 3: Fitting a Parametric Function
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Approach 3: Fitting a Parametric Function

Approach 3: Fitting a Parametric Function
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Optimal Model Scaling

Optimal Model Scaling

● Gopher LLM: 280B parameters, trained on 300B tokens. Non optimal

● Test this hypothesis by training a compute-optimal version of the Gopher 

LLM, using the same number of FLOPs

Rae, J. W., et al. "van den, Hendricks, LA, Rauh, M., Huang, P.-S.,… Irving, G.(2022)." Scaling language.
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Chinchilla 70B vs Gopher 280B

Chinchilla 70B vs Gopher 280B
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Discussion and Conclusion

Discussion and Conclusion

● Parameters and tokens should be increased equally

● Models circa chinchilla were oversized
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Questions from you

• Do you find the human evaluation results in this paper convincing 
and why?

• So my question is how effectively can we adapt this RM + PPO 
alignment pipeline for video generation or multi-model stuff ..
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COMP 690-204 Deep Generative Models, Fall 2026 57

*Acknowledgement: Many of the following slides are modified from Yi Jiang
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The answer is definitely Yes.
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Questions from you

• I am wondering how sensitive is generation quality to the 
particular choice of scale sequence, and is it possible to have 
different scales within the entire autoregressive process.

• Is VAR still considered an influential approach to image 
generation in 2026, or have newer methods largely replaced it?

• I would be interested to know how exactly they would go about 
extending this work to cover video generation and what the most 
optimal way to go about traversing the 3D space might be.
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VAR extensions
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https://github.com/FoundationVision/VAR
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