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Abstract 

Effectiveness of deep learning is often ascribed to the ability of deep networks 
to learn representations. Using established principles from Statistics and 
Information Theory, we introduce the desirable properties of  representations 
and the relationships between them. It is shown that invariance to nuisance 
factors in a deep neural network is equivalent to information minimality of the 
learned representation. On the other hand, we want to find parameters (weights) 
that yield good generalization, so we focus on the information in the weights 
which can be controlled by implicit or explicit regularization. With some 
additional assumptions, we get a connection between information in the 
representations and information in the weights.
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Representation learning



Markov chain: 

Data Processing Inequality (DPI):

Proof.

Information in the representation



Markov chain: 

Information in the representation

Example: Is rotation angle      a nuisance?

cat                    cat                      cat                      cat

nuisance ✔

six                   nine                      

may not be a nuisance



Markov chain: 

Information in the representation

Intuitively, what are desirable properties of representation?
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Markov chain: 

Information in the representation

Intuitively, what are desirable properties of representation?

Compare to minimal sufficient statistics:



Markov chain: 

Information in the representation

Intuitively, what are desirable properties of representation?

Ways of promoting invariance
1. Modify cost function

Information Bottleneck Lagrangian (Tishby et al. 1999)

2. Stacking



Information in the weights

Layer k of deep learning Bayesian deep learning model

Information in the weights:



Information in the weights

Information in the weights:

It has been proved that we can trade off cross-entropy loss and information in the weights 
to obtain better generalization. (McAllester 2013)



Information in the weights

Same general form 

Information in the weights:

It has been proved that we can trade off cross-entropy loss and information in the weights 
to obtain better generalization. (McAllester 2013)
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Information in the weights:

Ways of controlling information in the weights
1. Modify cost function

2. SGD
Controll the learning rate and the size of mini-batches (Chaudhari and Soatto 2018). 

3. Bias the optimization towards “flat minima”
Flat minima have low information. Some variants of SGD bias the optimization 
towards “flat minima” (Chaudhari et al., 2017). 



Connection

With some additional assumptions, we get a connection between information in 
the representations and information in the weights.



Conclusion

1. Information in the representations

· Sufficiency, minimality and invariance are desirable properties of representation.

· Sufficiency and minimality of a representation enforce invariance.  

· Invariance could get promoted by modifying cost function or stacking.

2. Information in the weights

· Controlling information in the weights makes better generalization.

· Information in the weights could be controlled by modifying cost function, SGD or bias 
towards “flat minima” in optimization.

3. Connection

· With some assumptions, information in the weights bounds the information in the 
representations.
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Empirical validation
Transition from overfitting to underfitting

CIFAR-10 random labels



Empirical validation

Bias-variance trade-off

CIFAR-10



Empirical validation

Nuisance invariance

MNIST


