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05 NOISY-CODING CHANNEL



THE NOISY BINARY SYMMETRIC 
CHANNEL



The noisy binary symmetric channel

Source Encoder
Noisy 

channel
Decoder

https://xkcd.com/552/


The R3 code



The R3 code: example



•

The (7,4) Hamming code: encoder



•

•

•

The (7,4) Hamming code: decoder



The (7,4) Hamming code: example



•

• 𝑁 𝑀 = (1 − 𝑅)𝑁
▪ 2𝑅𝑁

▪

•

Low-density parity check (LDPC) codes



SHANNON’S NOISY-CHANNEL 
CODING THEOREM



•

•

▪

▪

▪

Shannon’s noisy-channel coding theorem



•

•

•

Shannon’s noisy-channel coding theorem



05 INFORMATION AND ENTROPY



MEASURES OF ENTROPY AND 
INFORMATION



•

•

•

•
▪

▪

Information content, entropy, and conditional entropy

http://threeplusone.com/info
https://arxiv.org/abs/1606.06758


•

•

▪

▪

▪

•

•
▪

▪

Mutual information and relative entropy

▪

http://threeplusone.com/info
https://arxiv.org/abs/1606.06758


•

▪

▪

•

•

•

▪

▪

▪

Symmetrisation

http://threeplusone.com/info
https://arxiv.org/abs/1606.06758


INFORMATION-THEORETIC 
EXPERIMENTAL DESIGN



•

•

Information-theoretic experimental design

PARAMETER INFERENCE MODEL COMPARISON PREDICTION

https://arxiv.org/abs/1606.06758


▪

▪

▪

Information-theoretic experimental design for parameter inference

https://arxiv.org/abs/astro-ph/0407201
https://arxiv.org/abs/1606.06758


▪

▪

▪

Information-theoretic experimental design for model selection

Trotta (2007), astro-ph/0703063

Cavagnaro et al. (2010)

Vanlier et al. (2014) FL et al. (2016), 1606.06758 (Appendix A)

https://arxiv.org/abs/1606.06758
https://arxiv.org/abs/astro-ph/0703063
https://doi.org/10.1162/neco.2009.02-09-959
http://dx.doi.org/10.1093/bioinformatics/bts092
https://arxiv.org/abs/1606.06758


▪

Information-theoretic experimental design for prediction of future observations

https://arxiv.org/abs/1606.06758


SUPERVISED MACHINE 
LEARNING BASICS



•

Supervised machine learning basics Exercise: Titanic example



05 INFORMATION GEOMETRY



•

•

•

▪

•

Approximating the learning process as a geometrical process



•

•

▪

▪

•

The Fisher-Rao metric in information geometry

https://arxiv.org/abs/1808.08271


•

•

•

The Fisher-Rao distance

•

•

https://doi.org/10.1017/9781009198776.004


•

▪

▪

▪

The Mahalanobis distance

•

•

•



05
THERMODYNAMICS AND 
INFERENCE



Physical and information-theoretic entropy

•

•

https://doi.org/10.1002/j.1538-7305.1948.tb01338.x


•

▪

▪

Maximum entropy principle in thermodynamics and in statistics

≡



•
▪

▪

▪

Bayes’ theorem in thermodynamic and statistical notations



•

•

▪

▪

Adjusting the statistical power of a likelihood

https://arxiv.org/abs/1806.11117


Thermodynamic-Bayesian correspondence

https://arxiv.org/abs/1004.2868
https://arxiv.org/abs/1706.01428


References and acknowledgements

•

•

•

•

•

https:///
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