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Boosting Variational Inference

Variational Inference arg minq∈Q DKL(q(z)|p(z|x))

Boosting Variational Inference arg minq∈conv(Q) D
KL(q(z)|p(z|x))

◦ Variational Inference

. Trade-off between the tractability of the
problem and expressivity of Q

◦ Boosting Variational Inference

. Bayesian Inference meets
Convex-Optimization

. Allows for tradeoff between additional run-
time for a better approximation
Locatello et al., 2018; Guo et al., 2017; Miller et al., 2016
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Boosting Variational Inference with Frank-Wolfe

◦ Convergence rates O(1/t)
◦ Several restrictive assumption for provable convergence for Variational Inference

◦ Knowledge of the optimizer to design linear minimization subroutine

◦ In this work: we relax assumptions and allow for black box solvers

arg minq∈conv(Q) D
KL(q(z)|p(z|x))
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<latexit sha1_base64="PRGsMuKOVKkDM77YwsMRZVXJCvg=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQr2URAQ9Fr14bMF+QBPKZrttl242YXdSLKEX/4oXD4p49Wd489+4aXPQ1gcDj/dmmJkXxIJrcJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHSWKsiaNRKQ6AdFMcMmawEGwTqwYCQPB2sH4LvPbE6Y0j+QDTGPmh2Qo+YBTAkbq2ScesEdIaSQns4oXEhhRInDjomeXnaozB14lbk7KKEe9Z395/YgmIZNABdG66zox+ClRwKlgs5KXaBYTOiZD1jVUkpBpP50/MMPnRunjQaRMScBz9fdESkKtp2FgOrMT9bKXif953QQGN37KZZwAk3SxaJAIDBHO0sB9rhgFMTWEUMXNrZiOiCIUTGYlE4K7/PIqaV1WXafqNq7Ktds8jiI6RWeoglx0jWroHtVRE1E0Q8/oFb1ZT9aL9W59LFoLVj5zjP7A+vwBjTKWWA==</latexit><latexit sha1_base64="PRGsMuKOVKkDM77YwsMRZVXJCvg=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQr2URAQ9Fr14bMF+QBPKZrttl242YXdSLKEX/4oXD4p49Wd489+4aXPQ1gcDj/dmmJkXxIJrcJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHSWKsiaNRKQ6AdFMcMmawEGwTqwYCQPB2sH4LvPbE6Y0j+QDTGPmh2Qo+YBTAkbq2ScesEdIaSQns4oXEhhRInDjomeXnaozB14lbk7KKEe9Z395/YgmIZNABdG66zox+ClRwKlgs5KXaBYTOiZD1jVUkpBpP50/MMPnRunjQaRMScBz9fdESkKtp2FgOrMT9bKXif953QQGN37KZZwAk3SxaJAIDBHO0sB9rhgFMTWEUMXNrZiOiCIUTGYlE4K7/PIqaV1WXafqNq7Ktds8jiI6RWeoglx0jWroHtVRE1E0Q8/oFb1ZT9aL9W59LFoLVj5zjP7A+vwBjTKWWA==</latexit><latexit sha1_base64="PRGsMuKOVKkDM77YwsMRZVXJCvg=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQr2URAQ9Fr14bMF+QBPKZrttl242YXdSLKEX/4oXD4p49Wd489+4aXPQ1gcDj/dmmJkXxIJrcJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHSWKsiaNRKQ6AdFMcMmawEGwTqwYCQPB2sH4LvPbE6Y0j+QDTGPmh2Qo+YBTAkbq2ScesEdIaSQns4oXEhhRInDjomeXnaozB14lbk7KKEe9Z395/YgmIZNABdG66zox+ClRwKlgs5KXaBYTOiZD1jVUkpBpP50/MMPnRunjQaRMScBz9fdESkKtp2FgOrMT9bKXif953QQGN37KZZwAk3SxaJAIDBHO0sB9rhgFMTWEUMXNrZiOiCIUTGYlE4K7/PIqaV1WXafqNq7Ktds8jiI6RWeoglx0jWroHtVRE1E0Q8/oFb1ZT9aL9W59LFoLVj5zjP7A+vwBjTKWWA==</latexit><latexit sha1_base64="PRGsMuKOVKkDM77YwsMRZVXJCvg=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksQr2URAQ9Fr14bMF+QBPKZrttl242YXdSLKEX/4oXD4p49Wd489+4aXPQ1gcDj/dmmJkXxIJrcJxvq7C2vrG5Vdwu7ezu7R/Yh0ctHSWKsiaNRKQ6AdFMcMmawEGwTqwYCQPB2sH4LvPbE6Y0j+QDTGPmh2Qo+YBTAkbq2ScesEdIaSQns4oXEhhRInDjomeXnaozB14lbk7KKEe9Z395/YgmIZNABdG66zox+ClRwKlgs5KXaBYTOiZD1jVUkpBpP50/MMPnRunjQaRMScBz9fdESkKtp2FgOrMT9bKXif953QQGN37KZZwAk3SxaJAIDBHO0sB9rhgFMTWEUMXNrZiOiCIUTGYlE4K7/PIqaV1WXafqNq7Ktds8jiI6RWeoglx0jWroHtVRE1E0Q8/oFb1ZT9aL9W59LFoLVj5zjP7A+vwBjTKWWA==</latexit>

Boosting via Frank-Wolfe

Theoretical Convergence

New practical boosting 
subroutine for VI

Impractical Assumptions

Frank & Wolfe 1956; Locatello et al., 2018
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Residual ELBO (RELBO)

Inference as an iterative procedure

Subroutine arg mins(z)∈Q DKL
(
s(z)
∥∥∥ λ

√
p(z|x)
qt(z)

1
Z

)
RELBO arg maxs(z)∈Q−λEs[log s(z)] + Es[log p(x, z)]︸                                          ︷︷                                          ︸

ELBO
(if λ=1)

−Es[log qt(z)]︸            ︷︷            ︸
Residual

◦ The next component should be a good approximation of the posterior

◦ But should be different from our current approximation
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Results: Proof of Concept
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◦ Edward implementation: https://github.com/ratschlab/boosting-bbvi

◦ Easy to try different models and different families

◦ Optimization independent from modeling choices
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Thanks

Poster: Room 210 & 230 AB #38

Paper: https://arxiv.org/abs/1806.02185

Gunnar Rätsch is hiring ML postdocs:
goo.gl/u9UTTo
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