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Motivation: Why uncertainty in neural nets?

Generalization
(Wilson et al., 2017)

Calibration
(Guo et al., 2017)

Exploration Adversarial Robustness
(Athalye et al., 2017)

Credit of Roger Grosse



Background: Bayesian neural networks

 

Combining Bayesian methods with deep learning models 

Prior

Neural nets

Likelihood
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Background: Bayesian neural networks

•Recent Attempts Towards Expressive Posteriors
• Factorized Gaussian (Blundell et al., 2015)

• Matrix variate Gaussian (Louizos & Welling, 2016; Sun et al., 2017; Zhang et al., 2017)

• Normalizing Flow (Louizos & Welling, 2017)

• Implicit distribution (Shi et al., 2017)

• SGLD (Wang et al., 2018)

• Is variational posterior the key problem for BNNs? 



Mis-Specified Weight-Space Prior

Predictive results for BBB, HMC and FBNN, when varying network sizes.



This paper

•A theorem on KL divergence between two stochastic processes

•Two algorithms for functional variational inference
• Adversarial
• Sampling-based

• Functional variational BNNs
• Reliable uncertainty
• Sensible Extrapolation
• Scalability 
• Model-Agnostic

distribution over functions 



Functional Variational Inference
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Functional Variational Inference

•Adversarial Functional Variational Inference
• Fixed-size measurement points

• Analogy to GANs.   Generator  Discriminator



Functional Variational Inference
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Background: Spectral Stein Gradient Estimators (Shi et al., 
2018)
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Functional Variational Inference

•Estimate KL Divergence Derivatives

•The first term is zero.

• SSGE estimates the log-density derivatives                     ,

•                      is tractable for explicit priors:
• Gaussian processes
• Student-t processes



The algorithm

•Objective



Extrapolating Periodic Structures

BBB FBNN-RBF GP-RBF



Extrapolating Periodic Structures

BBB FBNN-PER GP-PER



Extrapolating Piecewise Functions
• Implicit Priors



Extrapolating Textures

Training FBNN w.o. missing FBNN w. missing

• Large Scale Dataset
• CNN as Generator



Predictive Performance

Small Scale regression benchmarks.

Large Scale regression benchmarks.



Bayesian Optimization

RBF Arccosine Matern 12

• Max-value Entropy Search (Wang & Jegelka, 2017)
• Functions sampled from GPs, varying kernels.
• Compare BBB, RBF Random Feature, FBNN with true kernel 
• Requires parametric function samples



Contextual Bandits

• Benchmark on evaluating uncertainty estimation (Riquelme et al., 2018).
• Averaged over 8 datasets, 10 runs each.
• Thompson Sampling
• State-of-art



Thanks



Function-Space Inference versus Weight-Space Inference 
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Theorem [ELBO Ordering]: 


