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Language Models and LLMs



Language Models

• A probabilistic model p is a probability distribution over a sequence of 
tokens {w1,w2,…, wn}, where each token comes from some vocabulary V. 
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LLMs: the model is implemented as a very large neural network!
https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Tokenization

• A tokenizer converts any string into a sequence of tokens.
𝗍𝗁𝖾 𝗆𝗈𝗎𝗌𝖾 𝖺𝗍𝖾 𝗍𝗁𝖾 𝖼𝗁𝖾𝖾𝗌𝖾⇒[𝗍𝗁𝖾,𝗆𝗈𝗎𝗌𝖾,𝖺𝗍𝖾,𝗍𝗁𝖾,𝖼𝗁𝖾𝖾𝗌𝖾]

• Split by spaces
text.split(' ')

• Byte pair encoding

5https://princeton-nlp.github.io/cos484

Unicode: Run BPE on bytes instead of 144,697 Unicode characters

https://princeton-nlp.github.io/cos484


How large are “large” LMs?

6https://lifearchitect.ai/models

https://lifearchitect.ai/models


Why LLMs?
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• One single model to solve many 
NLP tasks

• Emergent properties

https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484
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Attentions and Transformers



Attention 

9https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Self-attention

10https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Self-attention

11https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Multi-head Attention

12https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Positional Encoding

13https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Adding Nonlinearities

14https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Transformer Encoder

15https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Masked (casual) Self-attention

• Key: You can’t see the future for the decoder!

16https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Masked (casual) Self-attention

• Key: You can’t see the future for the decoder!

17(Raffel et al., 2020): Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer

file:///(Raffel%20et%20al.,%202020)/%20Exploring%20the%20Limits%20of%20Transfer%20Learning%20with%20a%20Unified%20Text-to-Text%20Transformer


Transformer Encoder-decoder

18https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


Transformer Encoder-decoder

19https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484
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LLMs Taxonomy



LLMs Taxonomy

21https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


LLMs Taxonomy: Encoder-Decoder Models

22(Raffel et al., 2020): Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer

file:///(Raffel%20et%20al.,%202020)/%20Exploring%20the%20Limits%20of%20Transfer%20Learning%20with%20a%20Unified%20Text-to-Text%20Transformer


LLMs Taxonomy: Encoder-Decoder Models

23(Raffel et al., 2020): Exploring the Limits of Transfer Learning with a Unified Text-to-Text Transformer

file:///(Raffel%20et%20al.,%202020)/%20Exploring%20the%20Limits%20of%20Transfer%20Learning%20with%20a%20Unified%20Text-to-Text%20Transformer


LLMs Taxonomy: Encoder-Only Models (Masked Language Modeling)

24https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


LLMs Taxonomy: Encoder-Only Models (Masked Language Modeling)
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MLM: 80-10-10 corruption

https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


LLMs Taxonomy: Encoder-Only Models (Masked Language Modeling)

26

Next Sentence Prediction (NSP)

https://princeton-nlp.github.io/cos484

https://princeton-nlp.github.io/cos484


LLMs Taxonomy: Encoder-Only Models (Masked Language Modeling)
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BERT pre-training

https://www.cs.princeton.edu/courses/archive/fall22/cos597G

https://www.cs.princeton.edu/courses/archive/fall22/cos597G


LLMs Taxonomy: Encoder-Only Models (Masked Language Modeling)
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BERT pre-training

https://www.cs.princeton.edu/courses/archive/fall22/cos597G

https://www.cs.princeton.edu/courses/archive/fall22/cos597G


LLMs Taxonomy: Encoder-Only Models (Masked Language Modeling)
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BERT pre-training

https://www.cs.princeton.edu/courses/archive/fall22/cos597G

https://www.cs.princeton.edu/courses/archive/fall22/cos597G


LLMs Taxonomy: Decoder-Only Models (Autoregressive Language Modeling)

30(Radford et al, 2018): Improving Language Understanding by Generative Pre-Training

file:///(Radford%20et%20al,%202018)/%20Improving%20Language%20Understanding%20by%20Generative%20Pre-Training


31

Scaling laws



Scaling: LM Landscape with GPT-3
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Scaling: LM Landscape with GPT-3
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Why scaling?

• Double Descent

34



Why scaling?

• All minima are global

35Liu et al. Loss landscapes and optimization in over-parameterized non-linear systems and neural networks, 2022

https://arxiv.org/pdf/2003.00307.pdf


Scaling laws

36Hoffmann et al. Training compute-optimal large language models, 2022

Joint data-model scaling laws

Hoffmann%20et%20al.%20Training%20compute-optimal%20large%20language%20models,%202022
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Adaptation



Adaptation
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Adaptation: Probing

39https://stanford-cs324.github.io/winter2022/lectures/adaptation/

• Freeze (gray): language model 
representation encoder
•Optimize (blue, changes per task): probe 
(prediction head)
•Models: linear or shallow feedforward 
prediction head

https://stanford-cs324.github.io/winter2022/lectures/adaptation/


Adaptation: Fine-tuning

40https://stanford-cs324.github.io/winter2022/lectures/adaptation/

• Freeze (gray): nothing
•Optimize (blue, changes per task): all 
parameters of the language model, plus a 
new prediction head

https://stanford-cs324.github.io/winter2022/lectures/adaptation/


Adaptation: Lightweight Fine-tuning

41https://stanford-cs324.github.io/winter2022/lectures/adaptation/

• Freeze (gray): whole/most of language 
model
• Optimize (blue, changes per task): small 
number of additional parameters (<1% of the 
parameters)
• Methods: prompt tuning, prefix tuning, 
adapter tuning, and others (LoRA, BitFit, …)

https://stanford-cs324.github.io/winter2022/lectures/adaptation/


THANK YOU !
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