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Advanced Section: Variational Inference
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Statistical Inference
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Draw conclusions about an underlying distribution of probabilities from 
a sample

Population Sample

Sampling

Inference
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Outline

1. Bayesian Inference

2. Markov Chain Monte Carlo

3. Bayesian Neural Networks

4. Variational Inference

5. Drop Out as a Bayesian Approximation

6. Bootstrap for Inference

3



CS109B, PROTOPAPAS, GLICKMAN AND TANNER

Bayesian Inference
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Probability as a measure of believability in an event

 

Model Data
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Bayesian Inference
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“When the facts change, I change my mind. What do you do, sir? “John Maynard 
Keynes
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Bayesian Inference
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“When the facts change, I change my mind. What do you do, sir? “John Maynard 
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Intracta
ble
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MCMC: Markov Chains
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MCMC: Sampling method
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MCMC
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Credit: Towards Data Science
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Bayesian Neural Networks: FCNN
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Input Output
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Bayesian Neural Networks: FCNN
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Input Output
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Bayesian Neural Networks
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Input

Output
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Bayesian Neural Networks
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FCNN

& Scale

Means

 
   

 Priors
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MCMC is eventually accurate, but not scalable to large 
models
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Bayesian Neural Networks

Approximate Bayesian Inference: Variational Inference
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Variational Inference

Optimization approach -> Q a family of “nice” distributions
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Variational Inference

16

 

 

   Kullback-Leibler divergence: 

 

  

   Bishop
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Variational Inference
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Input

Output
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Variational Inference
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Input

Output
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Variational Inference

VI
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Exa
ct

Underestimates variance (sometimes severely) 
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arXiv:1506.02142

Dropout

https://arxiv.org/abs/1506.02142
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Radu Raicea

Back Propagate

Forward Pass

Dropout: train
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Radu Raicea

Back Propagate

Forward Pass
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Radu Raicea

Forward Pass

Dropout: evaluate
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Radu Raicea
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Radu Raicea
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Radu Raicea

Forward Pass

Dropout: evaluate



CS109B, PROTOPAPAS, GLICKMAN AND TANNER

…
Input

Bootstrap for Inference
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…
Input
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Bootstrap for Inference
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Bootstrap for Inference
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Bootstrap for Inference

Statistics
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Statistics

Priors in 
initializing

Bootstrap for Inference
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Working Example
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Working Example
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Working Example
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Extra
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Working Example
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DONE
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