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Compression Beyond iid data
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Experiment

What are we missing here? 



What are we missing? 



What are we missing? 



Data is not i.i.d IRL



Probability recap
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Examples

• Fair coin toss - i.i.d (so stationary)


• Markov processes
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Conditional Entropy
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Example-1



Example-2 Markov source
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Example-2 Markov source



chatGPT canvas tool!

https://chatgpt.com/canvas/shared/68f7c30a956481918b2d563d8cfb0587



Entropy rate



Entropy rate

Can we guess the entropy rate?



Lossless Text Compression



Lossless Text Compression

http://reeves.ee.duke.edu/information_theory/lecture4-Entropy_Rates.pdf



How can we compress to reach entropy rate?



Example-1 Markov source



Example-1 Markov source



Example-1 Markov source



Example-1 Markov source

What is the avg code length?



Example-1 Markov source | Recap



Example-1 Markov source



Context-based Arithmetic coding
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Context-based Arithmetic coding

Key-idea-1: Better prediction model -> implies better compression! 



Context-based Arithmetic coding

Key-idea: Better prediction model -> implies better compression! 



Context-based Arithmetic coding



Adaptive Arithmetic coding
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Adaptive Arithmetic coding



















Context based arithmetic coding in practice









Lossless Text Compression - Hutter prize



Lossless Text Compression - CMIX



Lossless Text Compression

• Context-based arithmetic coding



Lossless Text Compression [REPLACE]



Lossless Text Compression

Sample prediction from Llama-2 3B param model 

LLMs are great predictors. Can we use them for compression?



Lossless Text Compression

Sample compression result from Llama-2 3B param model 



Lossless Text Compression

Better probability modeling 
=> better compression



Lossless Text Compression

Mis-leading/incorrect!



State of Lossless Text Compression

Data Type Codec Compression Speed Comments

English Text Gzip 2.3 bits/char 100,000,000  
char/sec

English Text
Llama-70B, 
+arithmetic 

coding
0.7 bits/char 10 char/sec End-end text codec

English Text Shannon 
Limit

1.3 - 0.6 bits/
char N/A Fundamental limit on 

compression



Compression vs prediction



Compression vs prediction



Thank you!


