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LLM Pre-training and Beyond

• GPT-1 && GPT-2

• NLP中的预训练-微调范式: CoVe、ELMo、ULMFiT、GPT-1、BERT

• GPT-1 && GPT-2: Transformer LM + Large scale pre-training ==> zero-shot 

• 编程实践：阅读gpt-1/gpt-2代码；训练124M GPT-2

• (Train-time Compute) Scaling Laws for LM, Empirically

• GPT-3 and Beyond

• 涌现、幻觉、位置编码、合成数据、提示工程、SLMs ...
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llm.c Modded-NanoGPT

https://github.com/karpathy/llm.c
https://github.com/KellerJordan/modded-nanogpt


(Train-time Compute) Scaling Laws for LM, Empirically 

• Scaling/Scale up: bigger模型 + bigger 训练集 + longer 训练时间 ≈ better效果

• Laws:通过研究/实验总结出来的规律/定律/准则

• Scientific(科学) laws:圆的周长和半径 𝐶 = 2𝜋𝑟

• Empirical(经验) laws

• Empirical Scaling Laws: 对scale up进行经验量化

• 预测不同规模下模型的预期效果

• 在有限的计算资源(FLOPs)下，如何合理分配模型和训练集大小

• Train-time Compute Scaling Laws, empirically
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vs Test-time compute scaling laws
LLM reasoning



(Train-time Compute) Scaling Laws for LM, Empirically 

• GPT-1(117M/0.1B) GPT-2(1.5B)                                  GPT-3(175B)
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Megatron-LM(8.3B)/T5(11B)

Turing-NLG(17B)
~$4.3M

AI index report 2024

https://aiindex.stanford.edu/wp-content/uploads/2024/05/HAI_AI-Index-Report-2024.pdf
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(Train-time Compute) Scaling Laws for LM, Empirically 

• GPT-1(117M/0.1B) GPT-2(1.5B)                                  GPT-3(175B)

• Scaling Laws

• RLHF
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~$4.3M

AI index report 2024

Anthropic

https://aiindex.stanford.edu/wp-content/uploads/2024/05/HAI_AI-Index-Report-2024.pdf
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(Train-time Compute) Scaling Laws for LM, Empirically

• Scaling/Scale up: bigger模型 + bigger 训练集 + longer 训练时间 ≈ better效果

• Laws:通过研究/实验总结出来的规律/定律/准则
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• 预测不同(数据/模型/…)规模下模型的预期效果

• 在有限的计算资源(FLOPs)下，如何合理分配模型和训练集大小
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Learning curves: Asymptotic values and rate of convergence, 1993

模型选择？

https://proceedings.neurips.cc/paper/1993/hash/1aa48fc4880bb0c9b8a3bf979d3b917e-Abstract.html
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Learning curves: Asymptotic values and rate of convergence, 1993

模型选择？

最小二乘法/MSE

幂函数(power func)

https://proceedings.neurips.cc/paper/1993/hash/1aa48fc4880bb0c9b8a3bf979d3b917e-Abstract.html
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Deep Learning Scaling is Predictable, Empirically

https://arxiv.org/abs/1712.00409


(Train-time Compute) Scaling Laws for LM, Empirically

• Scaling/Scale up: bigger模型 + bigger 训练集 + longer 训练时间 ≈ better效果

• Laws:通过研究/实验总结出来的规律/定律/准则
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(Train-time) Scaling Laws for LM, Empirically 

• Kaplan Scaling Laws

• Chinchilla Scaling Laws 
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Scaling Laws for Neural Language Models

Training Compute-Optimal Large Language Models

https://arxiv.org/abs/2001.08361
https://arxiv.org/pdf/2203.15556


Kaplan Scaling Laws

• (GPT) LM在测试集的cross-entropy loss和模型大小、训练集大小、训练计算
量呈现幂律关系

• 训练前预测大规模模型的测试集CE loss

• 根据给定的计算量预算，合理分配模型大小和训练集大小

• 更大的模型具有更高的样本效率，计算效率最高的训练方法是用相对适量的数据训练非
常大的模型，并在还未收敛时就停止训练
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大模型 +相对较小的训练集

大小很重要

模型结构不那么重要

Big models may be more important than big data



Kaplan Scaling Laws

• (GPT) LM在测试集的cross-entropy loss和模型大小、训练集大小、训练计算
量呈现幂律关系

• 模型大小：GPT模型参数量

• 训练集大小：token数量

• 计算量：FLOPs
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GPT参数量
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Transformer 101 (一): 参数量和时间空间复杂度

https://zhuanlan.zhihu.com/p/661804092


GPT参数量
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Transformer 101 (一): 参数量和时间空间复杂度

https://zhuanlan.zhihu.com/p/661804092


GPT FLOPs per token

• FLOPs: floating point operations

• FLOPS: floating point operations per second

• K: 10!, M: 10", G: 10#, T: 10$%, P: 10$&
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Per token FLOPs in forward pass

Colab: Transformer 参数量和FLOPs

https://rcn07hl4629u.feishu.cn/docx/H6eRdU6mMobey9xMt0ZcwVFcnkf
https://colab.research.google.com/drive/1IxpajEyIE3Al0moTt7GIXu6jBIIYTQpN


GPT FLOPs per token
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𝐶 ≈ 6𝑁𝑁 ≈ 12𝑛!"#$%𝑑&'($!)
Non-embedding



Kaplan Scaling Laws

• N固定，调整𝑛!"#$%、head、𝑑&&

• GPT shape不那么重要
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Kaplan Scaling Laws

• 参数量和测试集CE Loss: 𝐿(𝑁) ≈ (!&
!
)"'

• 𝛼'~0.076
• N(~8.8×10)* (non-embedding)
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log

log

https://github.com/karpathy/llm.c


Kaplan Scaling Laws

• GPT vs LSTM
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log

log

https://github.com/karpathy/llm.c


Kaplan Scaling Laws

• 训练集大小和测试集CE Loss: 𝐿(D) ≈ (-!
-
)."

• 𝛼+~0.095
• 𝐷(~5.4×10)* (tokens)

• 计算量和测试集CE Loss
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C ≈6NBS



Kaplan Scaling Laws
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Kaplan Scaling Laws

• Critical batch size
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An Empirical Model of Large-Batch Training

https://arxiv.org/pdf/1812.06162


Chinchilla Scaling Laws

• 模型大小和训练集大小同等重要

LLM 101: 一起入门大语言模型 / Winter 2024

L是训练集损失N和C都包含embedding



Chinchilla Scaling Laws

• 方法1：Fix model sizes and vary number of training tokens
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a=b=0.5



Chinchilla Scaling Laws

• 方法2：Fix FLOPs and vary model size (IsoFLOP profiles)
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a=0.49

b=0.51



Chinchilla Scaling Laws

• 方法3：Fitting a parametric loss function
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a=0.46

b=0.55

约束条件



Chinchilla Scaling Laws

• 方法1：Fix model sizes and vary number of training tokens

• 方法2：Fix FLOPs and vary model size (IsoFLOP profiles)

• 方法3：Fitting a parametric loss function
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Scaling Laws

• Scaling Laws is everywhere

• 考虑Vocab size、data repeat、data complexity、new model arch …
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colab scaling laws mnist

https://colab.research.google.com/drive/1uOUO-zqEpTmPJkeVfzZZzi8zCo94nGAM

