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Outline 

• Bayesian framework in brief 

• Variational inference 

• Dropout as Bayesian procedure 

• Sparse Variational dropout 



Idea of the talk 



Conditional and marginal 
distributions 



Arbitrary conditioning 



Arbitrary conditioning 



Bayes theorem 



Statistical inference 



Frequentist vs. Bayesian 
frameworks 



Bayesian machine learning 



Bayesian machine learning 

Usually intractable 



Variational Bayes 



Properties of ELBO 

Matt Hoffman, David M. Blei, Chong Wang, John Paisley. Stochastic Variational Inference. JMLR 14, 2013. 

https://arxiv.org/find/stat/1/au:+Hoffman_M/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Blei_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Blei_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Wang_C/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Paisley_J/0/1/0/all/0/1


Properties of ELBO 

Data term 

Regularizer 



New understanding of 
regularization 



Dropout 

Binary dropout Gaussian droput 



Reverse engineering of dropout 

Diederik P. Kingma, Tim Salimans, Max Welling. Variational Dropout and the Local Reparameterization Trick. arXiv:1506.02557  

 

https://arxiv.org/find/stat/1/au:+Kingma_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Salimans_T/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Welling_M/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Welling_M/0/1/0/all/0/1
https://arxiv.org/abs/1506.02557
https://arxiv.org/abs/1506.02557
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And… voila! 



Variational dropout 



Approximation for KL-term 



Sparse VDO 

Dmitry Molchanov, Arsenii Ashukha, Dmitry Vetrov. Variational Dropout Sparsifies Deep Neural Networks. ICML 2017. 

https://arxiv.org/find/stat/1/au:+Molchanov_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Molchanov_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Ashukha_A/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Ashukha_A/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Ashukha_A/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Vetrov_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Vetrov_D/0/1/0/all/0/1


Additive noise reparameterization 



Additive noise reparameterization 

Kirill Neklyudov, Dmitry Molchanov, Arsenii Ashukha, Dmitry Vetrov. Structured Bayesian Pruning via Log-Normal 
Multiplicative Noise. arXiv:1705.07283 

 

https://arxiv.org/find/stat/1/au:+Neklyudov_K/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Neklyudov_K/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Molchanov_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Molchanov_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Ashukha_A/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Ashukha_A/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Ashukha_A/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Vetrov_D/0/1/0/all/0/1
https://arxiv.org/find/stat/1/au:+Vetrov_D/0/1/0/all/0/1


Variance reduction 



Visualization 

LeNet-5: convolutional 
layer 

LeNet-5: fully-connected 
layer (100 x 100 patch) 



Open Problems 



Conclusions 

• Bayesian framework is extremely powerful and extends ML tools 

• We do have scalable algorithms for approximate Bayesian inference 

• Bayes + Deep Learning =  

• Even the first attempts of neurobayesian inference give impressive 
results 

• Summer school on NeuroBayesian methods, August, 2018, Moscow, 
http://deepbayes.ru  

http://deepbayes.ru/

