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‣  Input-output pairs                                    and     the vector of weights on which we place a prior


‣  Consider the following Classification problem                                                       where     is a Neural Network

‣ Bayesian Neural Networks (BNN):

p(yi|xi, w) = Softmax(f(xi, w))
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Modelling
‣ Can we combine the advantages of neural nets (Multi-layered yet fixed basis function) and Bayesian 
models (Posterior prediction, model averaging)?

Intro: Bayesian Deep Learning

L(✓) := KL(q(w, ✓)||p(w|y, x))
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L(✓) := KL(q(w, ✓)||p(w|y, x))
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‣How to train BNNs? —> Variational Inference (VI) 

‣  Minimize the KL between the candidate                and the true posterior


‣  KL term is intracable: VI optimizes the   Evidence Lower Bound (ELBO)


‣  ELBO is a lower bound of the incomplete log likelihood —> Maximizing it 
minimizes the KL

L(✓) := KL(q(w, ✓)||p(w|y, x))
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L(✓) := �Eq(w;✓)

⇥
log p(y|x,w)

⇤
+ Eq(w;✓)

⇥
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L(✓) := �Eq(w;✓)

⇥
log p(y|x,w)

⇤
+ Eq(w;✓)

⇥
log q(w; ✓)/⇡(w)

⇤
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Training: Objective Loss Function

L(✓) := KL(q(w, ✓)||p(w|y, x))
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Existing Relevant Methods
‣Stochastic Gradient Langevin Dynamics (SGLD) [Welling & Teh, ICML 2011]:

‣Cyclical Stochastic Gradient MCMC (CSGMCMC) [Zhang et. al., ICLR 2020]:

µk+1
` = µk

` � �k+1rL(µk
` )
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Variational Proposal:

µk+1 = µk � ↵krŨ
�
µk

�
+

p
2↵k✏k
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Variational Proposal:

Variational Proposal:
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�
µk

�
,⌃k

new)
<latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit><latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit><latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit><latexit sha1_base64="G30nvnJkyKBlKcCymNnrqTxJgV4=">AAACtXicjVLLSgMxFD0dX7VWrWs3g0VwVTJudCnowmUF+4BaZCZNa+y8TDJCKf6AWz9O/AP9C2/iCGoRzTAzJ+fec5KbmyiPpTaMvVS8peWV1bXqem2jXtvc2m7UuzorFBcdnsWZ6kehFrFMRcdIE4t+rkSYRLHoRdNTG+/dC6Vlll6aWS6GSThJ5Vjy0BDVvm40WYu54S+CoARNlCNrPOMKI2TgKJBAIIUhHCOEpmeAAAw5cUPMiVOEpIsLPKBG2oKyBGWExE7pO6HZoGRTmltP7dScVonpVaT0sU+ajPIUYbua7+KFc7bsb95z52n3NqN/VHolxBrcEPuX7jPzvzpbi8EYx64GSTXljrHV8dKlcKdid+5/qcqQQ06cxSOKK8LcKT/P2Xca7Wq3Zxu6+KvLtKyd8zK3wJvdJfU3+NnNRdA9bAWsFVwwVLGLPRxQG49wgnO00SHLER7x5J15t97dxz3wKuWF2MG34el34YWM3A==</latexit><latexit sha1_base64="ZJM5/DwRMGU2j9XTVYrTv+Nx1f8="></latexit><latexit sha1_base64="ZJM5/DwRMGU2j9XTVYrTv+Nx1f8="></latexit><latexit sha1_base64="A4FS5iaFMkMx5YOdNhw2EqELdTk="></latexit><latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit><latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit><latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit><latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit><latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit><latexit sha1_base64="kUf0oz2Y2crFMOdt8Ei0J9xF/Gc="></latexit>
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SGD based Training
Current SGD for ELBO Maximization (VI)

‣SGD on the hyperparameters of the weights (and no longer on the weights themselves). Assume Normal candidate



What other choice of proposal can be derived?
‣Averaging procedure applied to proposal parameters (Diagonal covariance)

‣ Low rank plus diagonal proposal covariance matrix as in [Maddox et. al., 2019] in SWAG

⌃ =
1

2
⌃diag +

bD bD>

2(R� 1)
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 quantifies how far the current estimate parameter 
deviate from the current averaged parameter.

µk+1
` = µk
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Variational Proposal:

SGD based Training
Current SGD for ELBO Maximization (VI)

‣SGD on the hyperparameters of the weights (and no longer on the weights themselves). Assume Normal candidate



HWA and its embedding in Variational Inference

HWA in BNNs

- Periodic 
averaging of the 
hyperparameters



HWA and its embedding in Variational Inference

HWA in BNNs

- Plug HWA to 
obtain new mean 
and variance

- Draw samples 
from candidate

- Compute MC 
integration of the 
expected gradient



Averaging Heuristics

‣  Ensemble of k models requires k times more computation. 

‣  Averaging through the iterations can interpreted as an approximation to ensembles but with convenient test-time

From [Deep Ensembles: A Loss Landscape Perspective, Fort et. al., 2020]

Averaging in (Bayesian) NNs

‣  VI is unimodal (mode collapse)


‣  Ensembles are great at training [Garipov et. 
al., NIPS 2018] (FGE) but bad at test time

‣Because of Mode Connectivity (specific 
to NN) and Ensembling (Boosting)


‣  SWA averaging solution in [Izmailov et. al., 
UAI 2019]

‣ Why Averaging makes sense?



Bayesian LeNet and Bayesian VGG

Numerical Results



Perspectives

‣Focus on the initial algorithm HWA: Hyperparameters Weight Averaging 
‣Plot Loss Landscape in 2D (PCA components)

‣Observe Mode Connectivity?

‣Observe Better Generalization?


‣ Find a better multiplier constant per « weak learner » (snapshots of the BNN in HWA)


Landscapes and Variance Reduction

Change the multiplier (here it is 
1/n_{models}) (cf. variance 
reduction method)
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