
Structured Variational Learning of Bayesian 
Neural Networks with Horseshoe Priors 

Soumya Ghosh              Jiayu Yao        Finale Doshi-Velez  

IBM Research 
MIT-IBM Watson AI lab

Harvard Harvard

�1



Bayesian Neural Networks (BNNs)

Inputs  x Layers, parameterized by weights W Outputs y

y = f(x, W)
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Being Bayesian: 

p(W | �) � p(W | y, x, �)
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Why do we like BNNs?

Model stochastic functions 
Depweg et al., ICLR 2017

Model uncertainty in 
deterministic functions 
Gal et al., 2016, Killian et al., NIPS 2017

Predictive uncertainties for active learning, 
sequential decision making 
Hernández-Lobato et al., ICML 2015, Gal et al., ICML 2017, Joshi et al., CVPR 2017,  
Zhang et al., AISTATS 2018, Depweg et al., ICML 2018
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Predictive Uncertainties?

Single layer network, 
with prior: 

     

(Same results across 
many initialization  
strategies) 

What is happening? 

Bigger network   
→ More parameters, same data 
→ More parameter uncertainty 
→ Higher predictive variance

W � N (0, I)
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Horseshoe Priors for Model selection
The horseshoe prior is a scale mixture of normals:

!5

wk � N (0, �2
kv2)

�k � C+(0, 1)
<latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit><latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit><latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="4FJ6VtyJZDuaDsO/MagSlyPZyRI=">AAACIHicbVBLTwIxGPwWX4io6NVLI9FANGSXix6NXDwZTOSRsMumWwo0dB9puxiy4f948a940IOP+GMsyx4UnaTJZGaadsaLOJPKND+M3Nr6xuZWfruwU9zd2y8dFNsyjAWhLRLyUHQ9LClnAW0ppjjtRoJi3+O0400aC78zpUKyMLhXs4g6Ph4FbMgIVlpyS9cP7gSd2pL5yPaxGhPMk9t5xTxHtsKxO+nX0bRfryLbLiyFLNzoJ2dpzKq6pbJZM1Ogv8TKSBkyNN3Siz0ISezTQBGOpexZZqScBAvFCKfzgh1LGmEywSPa0zTAPpVOknadoxOtDNAwFPoECqXqzxsJ9qWc+Z5OLvrIVW8h/uf1YjW8dBIWRLGiAVk+NIw5UiFaDIcGTFCi+EwTTATTf0VkjAUmSs9b0CNYq5X/kna9Zpk1686EPBzBMVTAggu4ghtoQgsIPMIzvMG78WS8Gp/LuXJGttsh/ILx9Q2AbKKD</latexit><latexit sha1_base64="4FJ6VtyJZDuaDsO/MagSlyPZyRI=">AAACIHicbVBLTwIxGPwWX4io6NVLI9FANGSXix6NXDwZTOSRsMumWwo0dB9puxiy4f948a940IOP+GMsyx4UnaTJZGaadsaLOJPKND+M3Nr6xuZWfruwU9zd2y8dFNsyjAWhLRLyUHQ9LClnAW0ppjjtRoJi3+O0400aC78zpUKyMLhXs4g6Ph4FbMgIVlpyS9cP7gSd2pL5yPaxGhPMk9t5xTxHtsKxO+nX0bRfryLbLiyFLNzoJ2dpzKq6pbJZM1Ogv8TKSBkyNN3Siz0ISezTQBGOpexZZqScBAvFCKfzgh1LGmEywSPa0zTAPpVOknadoxOtDNAwFPoECqXqzxsJ9qWc+Z5OLvrIVW8h/uf1YjW8dBIWRLGiAVk+NIw5UiFaDIcGTFCi+EwTTATTf0VkjAUmSs9b0CNYq5X/kna9Zpk1686EPBzBMVTAggu4ghtoQgsIPMIzvMG78WS8Gp/LuXJGttsh/ILx9Q2AbKKD</latexit><latexit sha1_base64="jpObDZubMmNoo0tuKHh9B8E6d6Q="></latexit><latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit><latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit><latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit><latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit><latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit><latexit sha1_base64="ykTKHfExyyy2EuAY7vuNzHbCor4="></latexit>



Group Horseshoe Priors for BNNs

For each layer   , draw a global scale: 


For node k in layer  :

− Draw a local scale for the node: 

− For each incident weight:

l
<latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit>

vl � C+(0, bg)
<latexit sha1_base64="FYjv0EmN+tYalCV/fh0u60y14QE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEilISEXRZ7MZlBfuANobJdNIOziRhZlKopfgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wQJZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g4fqxG8OqFQsju70MKGewL2IhYxgbSTfPhj4HHUUE6h6f1pyzlDg9058u+iUnSnQInEzUoQMNd/+6nRjkgoaacKxUm3XSbQ3wlIzwum40EkVTTB5wD3aNjTCgipvNL1+jI6N0kVhLE1FGk3V3xMjLJQaisB0Cqz7at6biP957VSHV96IRUmqaURmi8KUIx2jSRSoyyQlmg8NwUQycysifSwx0SawggnBnX95kTTOy65Tdm8vipXrLI48HMIRlMCFS6jADdSgDgQe4Rle4c16sl6sd+tj1pqzspl9+APr8weW+ZNa</latexit><latexit sha1_base64="FYjv0EmN+tYalCV/fh0u60y14QE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEilISEXRZ7MZlBfuANobJdNIOziRhZlKopfgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wQJZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g4fqxG8OqFQsju70MKGewL2IhYxgbSTfPhj4HHUUE6h6f1pyzlDg9058u+iUnSnQInEzUoQMNd/+6nRjkgoaacKxUm3XSbQ3wlIzwum40EkVTTB5wD3aNjTCgipvNL1+jI6N0kVhLE1FGk3V3xMjLJQaisB0Cqz7at6biP957VSHV96IRUmqaURmi8KUIx2jSRSoyyQlmg8NwUQycysifSwx0SawggnBnX95kTTOy65Tdm8vipXrLI48HMIRlMCFS6jADdSgDgQe4Rle4c16sl6sd+tj1pqzspl9+APr8weW+ZNa</latexit><latexit sha1_base64="FYjv0EmN+tYalCV/fh0u60y14QE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEilISEXRZ7MZlBfuANobJdNIOziRhZlKopfgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wQJZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g4fqxG8OqFQsju70MKGewL2IhYxgbSTfPhj4HHUUE6h6f1pyzlDg9058u+iUnSnQInEzUoQMNd/+6nRjkgoaacKxUm3XSbQ3wlIzwum40EkVTTB5wD3aNjTCgipvNL1+jI6N0kVhLE1FGk3V3xMjLJQaisB0Cqz7at6biP957VSHV96IRUmqaURmi8KUIx2jSRSoyyQlmg8NwUQycysifSwx0SawggnBnX95kTTOy65Tdm8vipXrLI48HMIRlMCFS6jADdSgDgQe4Rle4c16sl6sd+tj1pqzspl9+APr8weW+ZNa</latexit><latexit sha1_base64="FYjv0EmN+tYalCV/fh0u60y14QE=">AAAB/XicbVDLSsNAFL2pr1pf8bFzM1iEilISEXRZ7MZlBfuANobJdNIOziRhZlKopfgrblwo4tb/cOffOG2z0NYDFw7n3Mu99wQJZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKU0loncQ8lq0AK8pZROuaaU5biaRYBJw2g4fqxG8OqFQsju70MKGewL2IhYxgbSTfPhj4HHUUE6h6f1pyzlDg9058u+iUnSnQInEzUoQMNd/+6nRjkgoaacKxUm3XSbQ3wlIzwum40EkVTTB5wD3aNjTCgipvNL1+jI6N0kVhLE1FGk3V3xMjLJQaisB0Cqz7at6biP957VSHV96IRUmqaURmi8KUIx2jSRSoyyQlmg8NwUQycysifSwx0SawggnBnX95kTTOy65Tdm8vipXrLI48HMIRlMCFS6jADdSgDgQe4Rle4c16sl6sd+tj1pqzspl9+APr8weW+ZNa</latexit>

�kl � C+(0, b0)
<latexit sha1_base64="J4XknDenb36+9rwby7B1axazf6g=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahopSJCLosduOygn1AE8NkOmmHziRhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv994TJJwpjdC3VVhaXlldK66XNja3tnfs3b2WilNJaJPEPJadACvKWUSbmmlOO4mkWASctoNhfeK3H6hULI7u9CihnsD9iIWMYG0k3z5wNU79bMjH0FVMwPr9aQWdwcBHJ75dRlU0BVwkTk7KIEfDt7/cXkxSQSNNOFaq66BEexmWmhFOxyU3VTTBZIj7tGtohAVVXjb9YQyPjdKDYSxNRRpO1d8TGRZKjURgOgXWAzXvTcT/vG6qwysvY1GSahqR2aIw5VDHcBII7DFJieYjQzCRzNwKyQBLTLSJrWRCcOZfXiSt86qDqs7tRbl2ncdRBIfgCFSAAy5BDdyABmgCAh7BM3gFb9aT9WK9Wx+z1oKVz+yDP7A+fwBC05Xy</latexit><latexit sha1_base64="J4XknDenb36+9rwby7B1axazf6g=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahopSJCLosduOygn1AE8NkOmmHziRhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv994TJJwpjdC3VVhaXlldK66XNja3tnfs3b2WilNJaJPEPJadACvKWUSbmmlOO4mkWASctoNhfeK3H6hULI7u9CihnsD9iIWMYG0k3z5wNU79bMjH0FVMwPr9aQWdwcBHJ75dRlU0BVwkTk7KIEfDt7/cXkxSQSNNOFaq66BEexmWmhFOxyU3VTTBZIj7tGtohAVVXjb9YQyPjdKDYSxNRRpO1d8TGRZKjURgOgXWAzXvTcT/vG6qwysvY1GSahqR2aIw5VDHcBII7DFJieYjQzCRzNwKyQBLTLSJrWRCcOZfXiSt86qDqs7tRbl2ncdRBIfgCFSAAy5BDdyABmgCAh7BM3gFb9aT9WK9Wx+z1oKVz+yDP7A+fwBC05Xy</latexit><latexit sha1_base64="J4XknDenb36+9rwby7B1axazf6g=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahopSJCLosduOygn1AE8NkOmmHziRhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv994TJJwpjdC3VVhaXlldK66XNja3tnfs3b2WilNJaJPEPJadACvKWUSbmmlOO4mkWASctoNhfeK3H6hULI7u9CihnsD9iIWMYG0k3z5wNU79bMjH0FVMwPr9aQWdwcBHJ75dRlU0BVwkTk7KIEfDt7/cXkxSQSNNOFaq66BEexmWmhFOxyU3VTTBZIj7tGtohAVVXjb9YQyPjdKDYSxNRRpO1d8TGRZKjURgOgXWAzXvTcT/vG6qwysvY1GSahqR2aIw5VDHcBII7DFJieYjQzCRzNwKyQBLTLSJrWRCcOZfXiSt86qDqs7tRbl2ncdRBIfgCFSAAy5BDdyABmgCAh7BM3gFb9aT9WK9Wx+z1oKVz+yDP7A+fwBC05Xy</latexit><latexit sha1_base64="J4XknDenb36+9rwby7B1axazf6g=">AAACA3icbVDLSsNAFJ3UV62vqDvdDBahopSJCLosduOygn1AE8NkOmmHziRhZiKUUHDjr7hxoYhbf8Kdf+O0zUJbD1w4nHMv994TJJwpjdC3VVhaXlldK66XNja3tnfs3b2WilNJaJPEPJadACvKWUSbmmlOO4mkWASctoNhfeK3H6hULI7u9CihnsD9iIWMYG0k3z5wNU79bMjH0FVMwPr9aQWdwcBHJ75dRlU0BVwkTk7KIEfDt7/cXkxSQSNNOFaq66BEexmWmhFOxyU3VTTBZIj7tGtohAVVXjb9YQyPjdKDYSxNRRpO1d8TGRZKjURgOgXWAzXvTcT/vG6qwysvY1GSahqR2aIw5VDHcBII7DFJieYjQzCRzNwKyQBLTLSJrWRCcOZfXiSt86qDqs7tRbl2ncdRBIfgCFSAAy5BDdyABmgCAh7BM3gFb9aT9WK9Wx+z1oKVz+yDP7A+fwBC05Xy</latexit>

wkk�,l � N (0, �2
klv

2
l )

<latexit sha1_base64="7PemL37DRfIpcb5U45s4wmqadx8=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WsUGpSBF0W3biSCvYBTRom00k7ZPJgZlIpIZ/hxl9x40IRt935N07aLrR6YOBwzrnMvceNGRXSML60wsrq2vpGcbO0tb2zu6fvH7RFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIx/Vvcr8zJlzQKHyQk5jYARqG1KMYSSU5+vmjk/r+aZVl0BI0gFaA5Agjlt5lFaMKLYkSFWBZvz52WL9+5uhlo2bMAP8Sc0HKYIGmo0+tQYSTgIQSMyREzzRiaaeIS4oZyUpWIkiMsI+GpKdoiAIi7HR2WAZPlDKAXsTVCyWcqT8nUhQIMQlclcz3FsteLv7n9RLpXdkpDeNEkhDPP/ISBmUE85bggHKCJZsogjCnaleIR4gjLFWXJVWCuXzyX9Ku10yjZt5flBvXizqK4AgcgwowwSVogFvQBC2AwRN4AW/gXXvWXrUP7XMeLWiLmUPwC9r0G0p/n0c=</latexit><latexit sha1_base64="7PemL37DRfIpcb5U45s4wmqadx8=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WsUGpSBF0W3biSCvYBTRom00k7ZPJgZlIpIZ/hxl9x40IRt935N07aLrR6YOBwzrnMvceNGRXSML60wsrq2vpGcbO0tb2zu6fvH7RFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIx/Vvcr8zJlzQKHyQk5jYARqG1KMYSSU5+vmjk/r+aZVl0BI0gFaA5Agjlt5lFaMKLYkSFWBZvz52WL9+5uhlo2bMAP8Sc0HKYIGmo0+tQYSTgIQSMyREzzRiaaeIS4oZyUpWIkiMsI+GpKdoiAIi7HR2WAZPlDKAXsTVCyWcqT8nUhQIMQlclcz3FsteLv7n9RLpXdkpDeNEkhDPP/ISBmUE85bggHKCJZsogjCnaleIR4gjLFWXJVWCuXzyX9Ku10yjZt5flBvXizqK4AgcgwowwSVogFvQBC2AwRN4AW/gXXvWXrUP7XMeLWiLmUPwC9r0G0p/n0c=</latexit><latexit sha1_base64="7PemL37DRfIpcb5U45s4wmqadx8=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WsUGpSBF0W3biSCvYBTRom00k7ZPJgZlIpIZ/hxl9x40IRt935N07aLrR6YOBwzrnMvceNGRXSML60wsrq2vpGcbO0tb2zu6fvH7RFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIx/Vvcr8zJlzQKHyQk5jYARqG1KMYSSU5+vmjk/r+aZVl0BI0gFaA5Agjlt5lFaMKLYkSFWBZvz52WL9+5uhlo2bMAP8Sc0HKYIGmo0+tQYSTgIQSMyREzzRiaaeIS4oZyUpWIkiMsI+GpKdoiAIi7HR2WAZPlDKAXsTVCyWcqT8nUhQIMQlclcz3FsteLv7n9RLpXdkpDeNEkhDPP/ISBmUE85bggHKCJZsogjCnaleIR4gjLFWXJVWCuXzyX9Ku10yjZt5flBvXizqK4AgcgwowwSVogFvQBC2AwRN4AW/gXXvWXrUP7XMeLWiLmUPwC9r0G0p/n0c=</latexit><latexit sha1_base64="7PemL37DRfIpcb5U45s4wmqadx8=">AAACGHicbVDLSsNAFJ3UV62vqEs3g0WsUGpSBF0W3biSCvYBTRom00k7ZPJgZlIpIZ/hxl9x40IRt935N07aLrR6YOBwzrnMvceNGRXSML60wsrq2vpGcbO0tb2zu6fvH7RFlHBMWjhiEe+6SBBGQ9KSVDLSjTlBgctIx/Vvcr8zJlzQKHyQk5jYARqG1KMYSSU5+vmjk/r+aZVl0BI0gFaA5Agjlt5lFaMKLYkSFWBZvz52WL9+5uhlo2bMAP8Sc0HKYIGmo0+tQYSTgIQSMyREzzRiaaeIS4oZyUpWIkiMsI+GpKdoiAIi7HR2WAZPlDKAXsTVCyWcqT8nUhQIMQlclcz3FsteLv7n9RLpXdkpDeNEkhDPP/ISBmUE85bggHKCJZsogjCnaleIR4gjLFWXJVWCuXzyX9Ku10yjZt5flBvXizqK4AgcgwowwSVogFvQBC2AwRN4AW/gXXvWXrUP7XMeLWiLmUPwC9r0G0p/n0c=</latexit>

l
<latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit><latexit sha1_base64="RXFmeCFAFLWm6A2HPHJ7FvtnIgg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipKQblilt1FyDrxMtJBXI0BuWv/jBmaYTSMEG17nluYvyMKsOZwFmpn2pMKJvQEfYslTRC7WeLQ2fkwipDEsbKljRkof6eyGik9TQKbGdEzVivenPxP6+XmvDGz7hMUoOSLReFqSAmJvOvyZArZEZMLaFMcXsrYWOqKDM2m5INwVt9eZ20r6qeW/Wa15X6bR5HEc7gHC7BgxrU4R4a0AIGCM/wCm/Oo/PivDsfy9aCk8+cwh84nz/UCYzw</latexit>

Ghosh & Doshi-Velez, 2017 
Louizos et. al., 2017
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• Horseshoe BNN:

• Inference:

Stochastic gradient variational Bayes with naive fully factorized 
variational approximations.

Regularized Horseshoe BNN

structured



Regularized Horseshoe

Piironen & Vehtari, 2017
!7

p(wkk�,l | �kl, vl, ) � N (wkk�,l | 0, �2
klv

2
l )

<latexit sha1_base64="6zz3dSd1xkTFf4ybAWwv2r75GUs="></latexit><latexit sha1_base64="6zz3dSd1xkTFf4ybAWwv2r75GUs="></latexit><latexit sha1_base64="6zz3dSd1xkTFf4ybAWwv2r75GUs="></latexit><latexit sha1_base64="6zz3dSd1xkTFf4ybAWwv2r75GUs="></latexit>

N (wkk�,l | 0, c2)
<latexit sha1_base64="Tzgl7rQic17zl1xJXdR55qoQahU=">AAACHHicbVDLSgMxFM3Ud31VXboJFlFBykwVdCm6cSUVbCt0aslkbm2YzIPkjlqG+RA3/oobF4q4cSH4N6aPha8DgcM59yYnx0uk0Gjbn1ZhYnJqemZ2rji/sLi0XFpZbeg4VRzqPJaxuvSYBikiqKNACZeJAhZ6EppecDLwmzegtIijC+wn0A7ZdSS6gjM0Uqe05yLc4fCeTIGfZ9QNGfY4k9lZvn3byYJga1fmbih8au9SflXdyTulsl2xh6B/iTMmZTJGrVN6d/2YpyFEyCXTuuXYCbYzplBwCXnRTTUkjAfsGlqGRiwE3c6GoXK6aRSfdmNlToR0qH7fyFiodT/0zOQguf7tDcT/vFaK3cN2JqIkRYj46KFuKinGdNAU9YUCjrJvCONKmKyU95hiHE2fRVOC8/vLf0mjWnHsinO+Xz46HtcxS9bJBtkmDjkgR+SU1EidcHJPHskzebEerCfr1XobjRas8c4a+QHr4wuEnKGJ</latexit><latexit sha1_base64="Tzgl7rQic17zl1xJXdR55qoQahU=">AAACHHicbVDLSgMxFM3Ud31VXboJFlFBykwVdCm6cSUVbCt0aslkbm2YzIPkjlqG+RA3/oobF4q4cSH4N6aPha8DgcM59yYnx0uk0Gjbn1ZhYnJqemZ2rji/sLi0XFpZbeg4VRzqPJaxuvSYBikiqKNACZeJAhZ6EppecDLwmzegtIijC+wn0A7ZdSS6gjM0Uqe05yLc4fCeTIGfZ9QNGfY4k9lZvn3byYJga1fmbih8au9SflXdyTulsl2xh6B/iTMmZTJGrVN6d/2YpyFEyCXTuuXYCbYzplBwCXnRTTUkjAfsGlqGRiwE3c6GoXK6aRSfdmNlToR0qH7fyFiodT/0zOQguf7tDcT/vFaK3cN2JqIkRYj46KFuKinGdNAU9YUCjrJvCONKmKyU95hiHE2fRVOC8/vLf0mjWnHsinO+Xz46HtcxS9bJBtkmDjkgR+SU1EidcHJPHskzebEerCfr1XobjRas8c4a+QHr4wuEnKGJ</latexit><latexit sha1_base64="Tzgl7rQic17zl1xJXdR55qoQahU=">AAACHHicbVDLSgMxFM3Ud31VXboJFlFBykwVdCm6cSUVbCt0aslkbm2YzIPkjlqG+RA3/oobF4q4cSH4N6aPha8DgcM59yYnx0uk0Gjbn1ZhYnJqemZ2rji/sLi0XFpZbeg4VRzqPJaxuvSYBikiqKNACZeJAhZ6EppecDLwmzegtIijC+wn0A7ZdSS6gjM0Uqe05yLc4fCeTIGfZ9QNGfY4k9lZvn3byYJga1fmbih8au9SflXdyTulsl2xh6B/iTMmZTJGrVN6d/2YpyFEyCXTuuXYCbYzplBwCXnRTTUkjAfsGlqGRiwE3c6GoXK6aRSfdmNlToR0qH7fyFiodT/0zOQguf7tDcT/vFaK3cN2JqIkRYj46KFuKinGdNAU9YUCjrJvCONKmKyU95hiHE2fRVOC8/vLf0mjWnHsinO+Xz46HtcxS9bJBtkmDjkgR+SU1EidcHJPHskzebEerCfr1XobjRas8c4a+QHr4wuEnKGJ</latexit><latexit sha1_base64="Tzgl7rQic17zl1xJXdR55qoQahU=">AAACHHicbVDLSgMxFM3Ud31VXboJFlFBykwVdCm6cSUVbCt0aslkbm2YzIPkjlqG+RA3/oobF4q4cSH4N6aPha8DgcM59yYnx0uk0Gjbn1ZhYnJqemZ2rji/sLi0XFpZbeg4VRzqPJaxuvSYBikiqKNACZeJAhZ6EppecDLwmzegtIijC+wn0A7ZdSS6gjM0Uqe05yLc4fCeTIGfZ9QNGfY4k9lZvn3byYJga1fmbih8au9SflXdyTulsl2xh6B/iTMmZTJGrVN6d/2YpyFEyCXTuuXYCbYzplBwCXnRTTUkjAfsGlqGRiwE3c6GoXK6aRSfdmNlToR0qH7fyFiodT/0zOQguf7tDcT/vFaK3cN2JqIkRYj46KFuKinGdNAU9YUCjrJvCONKmKyU95hiHE2fRVOC8/vLf0mjWnHsinO+Xz46HtcxS9bJBtkmDjkgR+SU1EidcHJPHskzebEerCfr1XobjRas8c4a+QHr4wuEnKGJ</latexit>

c
<latexit sha1_base64="ZsDce1CdGJ2tZYTQbJQWdzC0VLg=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF0GPQi8cI5gFJCLOzvcmQ2QczvWpY8ylePCji1S/x5t842exBEwsaiqru6enyEik0Os63tbK6tr6xWdoqb+/s7u3blYOWjlPFocljGauOxzRIEUETBUroJApY6Eloe+Prmd++B6VFHN3hJIF+yIaRCARnaKSBXekhPGL+TqbAn1I+sKtOzclBl4lbkCop0BjYXz0/5mkIEXLJtO66ToL9jCkUXMK03Es1JIyP2RC6hkYsBN3P8pVTemIUnwaxMhUhzdXfExkLtZ6EnukMGY70ojcT//O6KQaX/UxESYoQ8fmiIJUUYzrLgfpCAUc5MYRxJcxfKR8xxTiatMomBHfx5GXSOqu5Ts29Pa/Wr4o4SuSIHJNT4pILUic3pEGahJMH8kxeyZv1ZL1Y79bHvHXFKmYOyR9Ynz++oJRL</latexit><latexit sha1_base64="ZsDce1CdGJ2tZYTQbJQWdzC0VLg=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF0GPQi8cI5gFJCLOzvcmQ2QczvWpY8ylePCji1S/x5t842exBEwsaiqru6enyEik0Os63tbK6tr6xWdoqb+/s7u3blYOWjlPFocljGauOxzRIEUETBUroJApY6Eloe+Prmd++B6VFHN3hJIF+yIaRCARnaKSBXekhPGL+TqbAn1I+sKtOzclBl4lbkCop0BjYXz0/5mkIEXLJtO66ToL9jCkUXMK03Es1JIyP2RC6hkYsBN3P8pVTemIUnwaxMhUhzdXfExkLtZ6EnukMGY70ojcT//O6KQaX/UxESYoQ8fmiIJUUYzrLgfpCAUc5MYRxJcxfKR8xxTiatMomBHfx5GXSOqu5Ts29Pa/Wr4o4SuSIHJNT4pILUic3pEGahJMH8kxeyZv1ZL1Y79bHvHXFKmYOyR9Ynz++oJRL</latexit><latexit sha1_base64="ZsDce1CdGJ2tZYTQbJQWdzC0VLg=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF0GPQi8cI5gFJCLOzvcmQ2QczvWpY8ylePCji1S/x5t842exBEwsaiqru6enyEik0Os63tbK6tr6xWdoqb+/s7u3blYOWjlPFocljGauOxzRIEUETBUroJApY6Eloe+Prmd++B6VFHN3hJIF+yIaRCARnaKSBXekhPGL+TqbAn1I+sKtOzclBl4lbkCop0BjYXz0/5mkIEXLJtO66ToL9jCkUXMK03Es1JIyP2RC6hkYsBN3P8pVTemIUnwaxMhUhzdXfExkLtZ6EnukMGY70ojcT//O6KQaX/UxESYoQ8fmiIJUUYzrLgfpCAUc5MYRxJcxfKR8xxTiatMomBHfx5GXSOqu5Ts29Pa/Wr4o4SuSIHJNT4pILUic3pEGahJMH8kxeyZv1ZL1Y79bHvHXFKmYOyR9Ynz++oJRL</latexit><latexit sha1_base64="ZsDce1CdGJ2tZYTQbJQWdzC0VLg=">AAAB+nicbVDLSgNBEJz1GeNro0cvg0HwFHZF0GPQi8cI5gFJCLOzvcmQ2QczvWpY8ylePCji1S/x5t842exBEwsaiqru6enyEik0Os63tbK6tr6xWdoqb+/s7u3blYOWjlPFocljGauOxzRIEUETBUroJApY6Eloe+Prmd++B6VFHN3hJIF+yIaRCARnaKSBXekhPGL+TqbAn1I+sKtOzclBl4lbkCop0BjYXz0/5mkIEXLJtO66ToL9jCkUXMK03Es1JIyP2RC6hkYsBN3P8pVTemIUnwaxMhUhzdXfExkLtZ6EnukMGY70ojcT//O6KQaX/UxESYoQ8fmiIJUUYzrLgfpCAUc5MYRxJcxfKR8xxTiatMomBHfx5GXSOqu5Ts29Pa/Wr4o4SuSIHJNT4pILUic3pEGahJMH8kxeyZv1ZL1Y79bHvHXFKmYOyR9Ynz++oJRL</latexit>
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�̃2
klv

2
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�2
klv

2
l

<latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit>

wkk�,l | c, �kl, vl � N (wkl | 0, �̃2
klv

2
l );

<latexit sha1_base64="5RemFlrEDuK1epl3X73huVsWhtI="></latexit><latexit sha1_base64="5RemFlrEDuK1epl3X73huVsWhtI="></latexit><latexit sha1_base64="5RemFlrEDuK1epl3X73huVsWhtI="></latexit><latexit sha1_base64="5RemFlrEDuK1epl3X73huVsWhtI="></latexit>

Equivalently,



Regularized Horseshoe BNNs
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1

�̃2
klv

2
l
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1
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1

�2
klv

2
l

<latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit>
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Random functions from single hidden layer (tanh) network with HS and reg-HS priors

Regularized Horseshoe
Horseshoe



Regularized Horseshoe BNNs
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1

�̃2
klv

2
l

=
1

c2
+

1

�2
klv

2
l

<latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit><latexit sha1_base64="7CcoJKfibcFVNpLovVprMv81diw="></latexit>

reg-HS BNNs improves predictive performance over HS BNNs for smaller datasets. 
Relative improvement: (x - y)/ max(|x|, |y|)

UCI Regression Benchmarks (Hernández-Lobato and Adams’ 2015)

log(n)
<latexit sha1_base64="oaTh+XCwNh8FkOZrvLdJUPofWWY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF20kmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJ5lDnkYx0K2AGpFBQR4ESWrEGFgYSmsHoduY3x6CNiNQDTmLwQzZQoi84Qyv5HYQnTGU0mJbVebdYcivuHHSVeBkpkQy1bvGr04t4EoJCLpkxbc+N0U+ZRsElTAudxEDM+IgNoG2pYiEYP50fPaVnVunRfqRtKaRz9fdEykJjJmFgO0OGQ7PszcT/vHaC/Ws/FSpOEBRfLOonkmJEZwnQntDAUU4sYVwLeyvlQ6YZR5tTwYbgLb+8ShoXFc+tePeXpepNFkeenJBTUiYeuSJVckdqpE44eSTP5JW8OWPnxXl3PhatOSebOSZ/4Hz+AMhzkhY=</latexit><latexit sha1_base64="oaTh+XCwNh8FkOZrvLdJUPofWWY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF20kmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJ5lDnkYx0K2AGpFBQR4ESWrEGFgYSmsHoduY3x6CNiNQDTmLwQzZQoi84Qyv5HYQnTGU0mJbVebdYcivuHHSVeBkpkQy1bvGr04t4EoJCLpkxbc+N0U+ZRsElTAudxEDM+IgNoG2pYiEYP50fPaVnVunRfqRtKaRz9fdEykJjJmFgO0OGQ7PszcT/vHaC/Ws/FSpOEBRfLOonkmJEZwnQntDAUU4sYVwLeyvlQ6YZR5tTwYbgLb+8ShoXFc+tePeXpepNFkeenJBTUiYeuSJVckdqpE44eSTP5JW8OWPnxXl3PhatOSebOSZ/4Hz+AMhzkhY=</latexit><latexit sha1_base64="oaTh+XCwNh8FkOZrvLdJUPofWWY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF20kmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJ5lDnkYx0K2AGpFBQR4ESWrEGFgYSmsHoduY3x6CNiNQDTmLwQzZQoi84Qyv5HYQnTGU0mJbVebdYcivuHHSVeBkpkQy1bvGr04t4EoJCLpkxbc+N0U+ZRsElTAudxEDM+IgNoG2pYiEYP50fPaVnVunRfqRtKaRz9fdEykJjJmFgO0OGQ7PszcT/vHaC/Ws/FSpOEBRfLOonkmJEZwnQntDAUU4sYVwLeyvlQ6YZR5tTwYbgLb+8ShoXFc+tePeXpepNFkeenJBTUiYeuSJVckdqpE44eSTP5JW8OWPnxXl3PhatOSebOSZ/4Hz+AMhzkhY=</latexit><latexit sha1_base64="oaTh+XCwNh8FkOZrvLdJUPofWWY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF20kmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJ5lDnkYx0K2AGpFBQR4ESWrEGFgYSmsHoduY3x6CNiNQDTmLwQzZQoi84Qyv5HYQnTGU0mJbVebdYcivuHHSVeBkpkQy1bvGr04t4EoJCLpkxbc+N0U+ZRsElTAudxEDM+IgNoG2pYiEYP50fPaVnVunRfqRtKaRz9fdEykJjJmFgO0OGQ7PszcT/vHaC/Ws/FSpOEBRfLOonkmJEZwnQntDAUU4sYVwLeyvlQ6YZR5tTwYbgLb+8ShoXFc+tePeXpepNFkeenJBTUiYeuSJVckdqpE44eSTP5JW8OWPnxXl3PhatOSebOSZ/4Hz+AMhzkhY=</latexit>

log(n)
<latexit sha1_base64="oaTh+XCwNh8FkOZrvLdJUPofWWY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF20kmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJ5lDnkYx0K2AGpFBQR4ESWrEGFgYSmsHoduY3x6CNiNQDTmLwQzZQoi84Qyv5HYQnTGU0mJbVebdYcivuHHSVeBkpkQy1bvGr04t4EoJCLpkxbc+N0U+ZRsElTAudxEDM+IgNoG2pYiEYP50fPaVnVunRfqRtKaRz9fdEykJjJmFgO0OGQ7PszcT/vHaC/Ws/FSpOEBRfLOonkmJEZwnQntDAUU4sYVwLeyvlQ6YZR5tTwYbgLb+8ShoXFc+tePeXpepNFkeenJBTUiYeuSJVckdqpE44eSTP5JW8OWPnxXl3PhatOSebOSZ/4Hz+AMhzkhY=</latexit><latexit sha1_base64="oaTh+XCwNh8FkOZrvLdJUPofWWY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF20kmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJ5lDnkYx0K2AGpFBQR4ESWrEGFgYSmsHoduY3x6CNiNQDTmLwQzZQoi84Qyv5HYQnTGU0mJbVebdYcivuHHSVeBkpkQy1bvGr04t4EoJCLpkxbc+N0U+ZRsElTAudxEDM+IgNoG2pYiEYP50fPaVnVunRfqRtKaRz9fdEykJjJmFgO0OGQ7PszcT/vHaC/Ws/FSpOEBRfLOonkmJEZwnQntDAUU4sYVwLeyvlQ6YZR5tTwYbgLb+8ShoXFc+tePeXpepNFkeenJBTUiYeuSJVckdqpE44eSTP5JW8OWPnxXl3PhatOSebOSZ/4Hz+AMhzkhY=</latexit><latexit sha1_base64="oaTh+XCwNh8FkOZrvLdJUPofWWY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF20kmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJ5lDnkYx0K2AGpFBQR4ESWrEGFgYSmsHoduY3x6CNiNQDTmLwQzZQoi84Qyv5HYQnTGU0mJbVebdYcivuHHSVeBkpkQy1bvGr04t4EoJCLpkxbc+N0U+ZRsElTAudxEDM+IgNoG2pYiEYP50fPaVnVunRfqRtKaRz9fdEykJjJmFgO0OGQ7PszcT/vHaC/Ws/FSpOEBRfLOonkmJEZwnQntDAUU4sYVwLeyvlQ6YZR5tTwYbgLb+8ShoXFc+tePeXpepNFkeenJBTUiYeuSJVckdqpE44eSTP5JW8OWPnxXl3PhatOSebOSZ/4Hz+AMhzkhY=</latexit><latexit sha1_base64="oaTh+XCwNh8FkOZrvLdJUPofWWY=">AAAB9HicbVDLSgNBEJyNrxhfUY9eBoMQL2FXBD0GvXiMYB6QLGF20kmGzM6uM73BsOQ7vHhQxKsf482/cZLsQRMLGoqqbrq7glgKg6777eTW1jc2t/LbhZ3dvf2D4uFRw0SJ5lDnkYx0K2AGpFBQR4ESWrEGFgYSmsHoduY3x6CNiNQDTmLwQzZQoi84Qyv5HYQnTGU0mJbVebdYcivuHHSVeBkpkQy1bvGr04t4EoJCLpkxbc+N0U+ZRsElTAudxEDM+IgNoG2pYiEYP50fPaVnVunRfqRtKaRz9fdEykJjJmFgO0OGQ7PszcT/vHaC/Ws/FSpOEBRfLOonkmJEZwnQntDAUU4sYVwLeyvlQ6YZR5tTwYbgLb+8ShoXFc+tePeXpepNFkeenJBTUiYeuSJVckdqpE44eSTP5JW8OWPnxXl3PhatOSebOSZ/4Hz+AMhzkhY=</latexit>



Structured Variational Approximation

�kl � N (0, I)
<latexit sha1_base64="lDU0sxVkxoqnqVxIWF2q+bbRx/Q=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARKkhJVNBl0Y1upIK9QBPKZDpph84kYWYilJAHceOruHGhiBsXgm/jJI2grT8MfPznHOac34sYlcqyvozSwuLS8kp5tbK2vrG5ZW7vtGUYC0xaOGSh6HpIEkYD0lJUMdKNBEHcY6TjjS+zeueeCEnD4E5NIuJyNAyoTzFS2uqbJ45HFOonY5ZCR1IOHY7UCCOW3KS1nD0/sdIj+MPX6WHfrFp1KxecB7uAKijU7JsfziDEMSeBwgxJ2bOtSLkJEopiRtKKE0sSITxGQ9LTGCBOpJvkx6XwQDsD6IdCv0DB3P09kSAu5YR7ujNbUc7WMvO/Wi9W/rmb0CCKFQnw9CM/ZlCFMEsKDqggWLGJBoQF1btCPEICYaXzrOgQ7NmT56F9XLetun17Wm1cFHGUwR7YBzVggzPQAFegCVoAgwfwBF7Aq/FoPBtvxvu0tWQUM7vgj4zPb936odI=</latexit><latexit sha1_base64="lDU0sxVkxoqnqVxIWF2q+bbRx/Q=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARKkhJVNBl0Y1upIK9QBPKZDpph84kYWYilJAHceOruHGhiBsXgm/jJI2grT8MfPznHOac34sYlcqyvozSwuLS8kp5tbK2vrG5ZW7vtGUYC0xaOGSh6HpIEkYD0lJUMdKNBEHcY6TjjS+zeueeCEnD4E5NIuJyNAyoTzFS2uqbJ45HFOonY5ZCR1IOHY7UCCOW3KS1nD0/sdIj+MPX6WHfrFp1KxecB7uAKijU7JsfziDEMSeBwgxJ2bOtSLkJEopiRtKKE0sSITxGQ9LTGCBOpJvkx6XwQDsD6IdCv0DB3P09kSAu5YR7ujNbUc7WMvO/Wi9W/rmb0CCKFQnw9CM/ZlCFMEsKDqggWLGJBoQF1btCPEICYaXzrOgQ7NmT56F9XLetun17Wm1cFHGUwR7YBzVggzPQAFegCVoAgwfwBF7Aq/FoPBtvxvu0tWQUM7vgj4zPb936odI=</latexit><latexit sha1_base64="lDU0sxVkxoqnqVxIWF2q+bbRx/Q=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARKkhJVNBl0Y1upIK9QBPKZDpph84kYWYilJAHceOruHGhiBsXgm/jJI2grT8MfPznHOac34sYlcqyvozSwuLS8kp5tbK2vrG5ZW7vtGUYC0xaOGSh6HpIEkYD0lJUMdKNBEHcY6TjjS+zeueeCEnD4E5NIuJyNAyoTzFS2uqbJ45HFOonY5ZCR1IOHY7UCCOW3KS1nD0/sdIj+MPX6WHfrFp1KxecB7uAKijU7JsfziDEMSeBwgxJ2bOtSLkJEopiRtKKE0sSITxGQ9LTGCBOpJvkx6XwQDsD6IdCv0DB3P09kSAu5YR7ujNbUc7WMvO/Wi9W/rmb0CCKFQnw9CM/ZlCFMEsKDqggWLGJBoQF1btCPEICYaXzrOgQ7NmT56F9XLetun17Wm1cFHGUwR7YBzVggzPQAFegCVoAgwfwBF7Aq/FoPBtvxvu0tWQUM7vgj4zPb936odI=</latexit><latexit sha1_base64="lDU0sxVkxoqnqVxIWF2q+bbRx/Q=">AAACHHicbZDLSsNAFIYn9VbrLerSzWARKkhJVNBl0Y1upIK9QBPKZDpph84kYWYilJAHceOruHGhiBsXgm/jJI2grT8MfPznHOac34sYlcqyvozSwuLS8kp5tbK2vrG5ZW7vtGUYC0xaOGSh6HpIEkYD0lJUMdKNBEHcY6TjjS+zeueeCEnD4E5NIuJyNAyoTzFS2uqbJ45HFOonY5ZCR1IOHY7UCCOW3KS1nD0/sdIj+MPX6WHfrFp1KxecB7uAKijU7JsfziDEMSeBwgxJ2bOtSLkJEopiRtKKE0sSITxGQ9LTGCBOpJvkx6XwQDsD6IdCv0DB3P09kSAu5YR7ujNbUc7WMvO/Wi9W/rmb0CCKFQnw9CM/ZlCFMEsKDqggWLGJBoQF1btCPEICYaXzrOgQ7NmT56F9XLetun17Wm1cFHGUwR7YBzVggzPQAFegCVoAgwfwBF7Aq/FoPBtvxvu0tWQUM7vgj4zPb936odI=</latexit>

wkl = �klvl�kl
<latexit sha1_base64="wT6Poi+w0YtOno+rkSZbUOc8PxE=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkoigm6EohuXFewF2hAm00k7dDIJMyeVErp046u4caGIWx/BnW/jNM1CW38Y+OY/5zBz/iARXIPjfFtLyyura+uljfLm1vbOrr2339Rxqihr0FjEqh0QzQSXrAEcBGsnipEoEKwVDG+m9daIKc1jeQ/jhHkR6UseckrAWL599OBnQzHBV7gLJM155ItuwIDkF9+uOFUnF14Et4AKKlT37a9uL6ZpxCRQQbTuuE4CXkYUcCrYpNxNNUsIHZI+6xiUJGLay/JFJvjEOD0cxsocCTh3f09kJNJ6HAWmMyIw0PO1qflfrZNCeOllXCYpMElnD4WpwBDjaSq4xxWjIMYGCFXc/BXTAVGEgsmubEJw51dehOZZ1XWq7t15pXZdxFFCh+gYnSIXXaAaukV11EAUPaJn9IrerCfrxXq3PmatS1Yxc4D+yPr8AXKQmj4=</latexit><latexit sha1_base64="wT6Poi+w0YtOno+rkSZbUOc8PxE=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkoigm6EohuXFewF2hAm00k7dDIJMyeVErp046u4caGIWx/BnW/jNM1CW38Y+OY/5zBz/iARXIPjfFtLyyura+uljfLm1vbOrr2339Rxqihr0FjEqh0QzQSXrAEcBGsnipEoEKwVDG+m9daIKc1jeQ/jhHkR6UseckrAWL599OBnQzHBV7gLJM155ItuwIDkF9+uOFUnF14Et4AKKlT37a9uL6ZpxCRQQbTuuE4CXkYUcCrYpNxNNUsIHZI+6xiUJGLay/JFJvjEOD0cxsocCTh3f09kJNJ6HAWmMyIw0PO1qflfrZNCeOllXCYpMElnD4WpwBDjaSq4xxWjIMYGCFXc/BXTAVGEgsmubEJw51dehOZZ1XWq7t15pXZdxFFCh+gYnSIXXaAaukV11EAUPaJn9IrerCfrxXq3PmatS1Yxc4D+yPr8AXKQmj4=</latexit><latexit sha1_base64="wT6Poi+w0YtOno+rkSZbUOc8PxE=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkoigm6EohuXFewF2hAm00k7dDIJMyeVErp046u4caGIWx/BnW/jNM1CW38Y+OY/5zBz/iARXIPjfFtLyyura+uljfLm1vbOrr2339Rxqihr0FjEqh0QzQSXrAEcBGsnipEoEKwVDG+m9daIKc1jeQ/jhHkR6UseckrAWL599OBnQzHBV7gLJM155ItuwIDkF9+uOFUnF14Et4AKKlT37a9uL6ZpxCRQQbTuuE4CXkYUcCrYpNxNNUsIHZI+6xiUJGLay/JFJvjEOD0cxsocCTh3f09kJNJ6HAWmMyIw0PO1qflfrZNCeOllXCYpMElnD4WpwBDjaSq4xxWjIMYGCFXc/BXTAVGEgsmubEJw51dehOZZ1XWq7t15pXZdxFFCh+gYnSIXXaAaukV11EAUPaJn9IrerCfrxXq3PmatS1Yxc4D+yPr8AXKQmj4=</latexit><latexit sha1_base64="wT6Poi+w0YtOno+rkSZbUOc8PxE=">AAACCHicbZDLSsNAFIYnXmu9RV26cLAIrkoigm6EohuXFewF2hAm00k7dDIJMyeVErp046u4caGIWx/BnW/jNM1CW38Y+OY/5zBz/iARXIPjfFtLyyura+uljfLm1vbOrr2339Rxqihr0FjEqh0QzQSXrAEcBGsnipEoEKwVDG+m9daIKc1jeQ/jhHkR6UseckrAWL599OBnQzHBV7gLJM155ItuwIDkF9+uOFUnF14Et4AKKlT37a9uL6ZpxCRQQbTuuE4CXkYUcCrYpNxNNUsIHZI+6xiUJGLay/JFJvjEOD0cxsocCTh3f09kJNJ6HAWmMyIw0PO1qflfrZNCeOllXCYpMElnD4WpwBDjaSq4xxWjIMYGCFXc/BXTAVGEgsmubEJw51dehOZZ1XWq7t15pXZdxFFCh+gYnSIXXaAaukV11EAUPaJn9IrerCfrxXq3PmatS1Yxc4D+yPr8AXKQmj4=</latexit>

• Non-centered Parameterization:

• Layer specific structured variational approximations: 

�kl
<latexit sha1_base64="BUR6kEZthBpCOw5mgpanigOVlW0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbiwBZPx/LKe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDMiyRLg==</latexit><latexit sha1_base64="BUR6kEZthBpCOw5mgpanigOVlW0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbiwBZPx/LKe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDMiyRLg==</latexit><latexit sha1_base64="BUR6kEZthBpCOw5mgpanigOVlW0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbiwBZPx/LKe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDMiyRLg==</latexit><latexit sha1_base64="BUR6kEZthBpCOw5mgpanigOVlW0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbiwBZPx/LKe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDMiyRLg==</latexit>

��

<latexit sha1_base64="Juzcs/zLpqFIAao5oRVScIfHEB8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmN9KUYa9c8av+HGSVBDmpQI56r/zV7SuWJSgtE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jkiZowsn82ik5c0qfxEq7kpbM1d8TE5oYM04i15lQOzTL3kz8z+tkNr4OJ1ymmUXJFoviTBCryOx10ucamRVjRyjT3N1K2JC6AKwLqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/DmKe/Fe/c+Fq0FL585hj/wPn8AfdCPDw==</latexit><latexit sha1_base64="Juzcs/zLpqFIAao5oRVScIfHEB8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmN9KUYa9c8av+HGSVBDmpQI56r/zV7SuWJSgtE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jkiZowsn82ik5c0qfxEq7kpbM1d8TE5oYM04i15lQOzTL3kz8z+tkNr4OJ1ymmUXJFoviTBCryOx10ucamRVjRyjT3N1K2JC6AKwLqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/DmKe/Fe/c+Fq0FL585hj/wPn8AfdCPDw==</latexit><latexit sha1_base64="Juzcs/zLpqFIAao5oRVScIfHEB8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmN9KUYa9c8av+HGSVBDmpQI56r/zV7SuWJSgtE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jkiZowsn82ik5c0qfxEq7kpbM1d8TE5oYM04i15lQOzTL3kz8z+tkNr4OJ1ymmUXJFoviTBCryOx10ucamRVjRyjT3N1K2JC6AKwLqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/DmKe/Fe/c+Fq0FL585hj/wPn8AfdCPDw==</latexit><latexit sha1_base64="Juzcs/zLpqFIAao5oRVScIfHEB8=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOepMxszPLzKwQQv7BiwdFvPo/3vwbJ8keNLGgoajqprsrSgU31ve/vcLa+sbmVnG7tLO7t39QPjxqGpVphg2mhNLtiBoUXGLDciuwnWqkSSSwFY1uZ37rCbXhSj7YcYphQgeSx5xR66RmN9KUYa9c8av+HGSVBDmpQI56r/zV7SuWJSgtE9SYTuCnNpxQbTkTOC11M4MpZSM6wI6jkiZowsn82ik5c0qfxEq7kpbM1d8TE5oYM04i15lQOzTL3kz8z+tkNr4OJ1ymmUXJFoviTBCryOx10ucamRVjRyjT3N1K2JC6AKwLqORCCJZfXiXNi2rgV4P7y0rtJo+jCCdwCucQwBXU4A7q0AAGj/AMr/DmKe/Fe/c+Fq0FL585hj/wPn8AfdCPDw==</latexit>

q(B) = Matrix-Normal(M, U, V )
<latexit sha1_base64="9JuBdhLTbiJtjTJ38v9nIAbLqmE=">AAACDXicbVBNS0JBFJ1nX2ZfVss2QxYomLwXQW0CsU0bwyA/QB8ybxx1cN5HM/eF8vAPtOmvtGlRRNv27fo3jfoWpR24cDjnXu69xwkEV2Ca30ZiaXlldS25ntrY3NreSe/u1ZQfSsqq1Be+bDhEMcE9VgUOgjUCyYjrCFZ3BlcTv/7ApOK+dwejgNku6Xm8yykBLbXTR/fZUg5f4hawIURlApIPT2586RIxzpbzuJrHtVw7nTEL5hR4kVgxyaAYlXb6q9XxaegyD6ggSjUtMwA7IhI4FWycaoWKBYQOSI81NfWIy5QdTb8Z42OtdHDXl7o8wFP190REXKVGrqM7XQJ9Ne9NxP+8ZgjdCzviXhAC8+hsUTcUGHw8iQZ3uGQUxEgTQiXXt2LaJ5JQ0AGmdAjW/MuLpHZasMyCdXuWKZbiOJLoAB2iLLLQOSqia1RBVUTRI3pGr+jNeDJejHfjY9aaMOKZffQHxucPAi+ZmQ==</latexit><latexit sha1_base64="9JuBdhLTbiJtjTJ38v9nIAbLqmE=">AAACDXicbVBNS0JBFJ1nX2ZfVss2QxYomLwXQW0CsU0bwyA/QB8ybxx1cN5HM/eF8vAPtOmvtGlRRNv27fo3jfoWpR24cDjnXu69xwkEV2Ca30ZiaXlldS25ntrY3NreSe/u1ZQfSsqq1Be+bDhEMcE9VgUOgjUCyYjrCFZ3BlcTv/7ApOK+dwejgNku6Xm8yykBLbXTR/fZUg5f4hawIURlApIPT2586RIxzpbzuJrHtVw7nTEL5hR4kVgxyaAYlXb6q9XxaegyD6ggSjUtMwA7IhI4FWycaoWKBYQOSI81NfWIy5QdTb8Z42OtdHDXl7o8wFP190REXKVGrqM7XQJ9Ne9NxP+8ZgjdCzviXhAC8+hsUTcUGHw8iQZ3uGQUxEgTQiXXt2LaJ5JQ0AGmdAjW/MuLpHZasMyCdXuWKZbiOJLoAB2iLLLQOSqia1RBVUTRI3pGr+jNeDJejHfjY9aaMOKZffQHxucPAi+ZmQ==</latexit><latexit sha1_base64="9JuBdhLTbiJtjTJ38v9nIAbLqmE=">AAACDXicbVBNS0JBFJ1nX2ZfVss2QxYomLwXQW0CsU0bwyA/QB8ybxx1cN5HM/eF8vAPtOmvtGlRRNv27fo3jfoWpR24cDjnXu69xwkEV2Ca30ZiaXlldS25ntrY3NreSe/u1ZQfSsqq1Be+bDhEMcE9VgUOgjUCyYjrCFZ3BlcTv/7ApOK+dwejgNku6Xm8yykBLbXTR/fZUg5f4hawIURlApIPT2586RIxzpbzuJrHtVw7nTEL5hR4kVgxyaAYlXb6q9XxaegyD6ggSjUtMwA7IhI4FWycaoWKBYQOSI81NfWIy5QdTb8Z42OtdHDXl7o8wFP190REXKVGrqM7XQJ9Ne9NxP+8ZgjdCzviXhAC8+hsUTcUGHw8iQZ3uGQUxEgTQiXXt2LaJ5JQ0AGmdAjW/MuLpHZasMyCdXuWKZbiOJLoAB2iLLLQOSqia1RBVUTRI3pGr+jNeDJejHfjY9aaMOKZffQHxucPAi+ZmQ==</latexit><latexit sha1_base64="9JuBdhLTbiJtjTJ38v9nIAbLqmE=">AAACDXicbVBNS0JBFJ1nX2ZfVss2QxYomLwXQW0CsU0bwyA/QB8ybxx1cN5HM/eF8vAPtOmvtGlRRNv27fo3jfoWpR24cDjnXu69xwkEV2Ca30ZiaXlldS25ntrY3NreSe/u1ZQfSsqq1Be+bDhEMcE9VgUOgjUCyYjrCFZ3BlcTv/7ApOK+dwejgNku6Xm8yykBLbXTR/fZUg5f4hawIURlApIPT2586RIxzpbzuJrHtVw7nTEL5hR4kVgxyaAYlXb6q9XxaegyD6ggSjUtMwA7IhI4FWycaoWKBYQOSI81NfWIy5QdTb8Z42OtdHDXl7o8wFP190REXKVGrqM7XQJ9Ne9NxP+8ZgjdCzviXhAC8+hsUTcUGHw8iQZ3uGQUxEgTQiXXt2LaJ5JQ0AGmdAjW/MuLpHZasMyCdXuWKZbiOJLoAB2iLLLQOSqia1RBVUTRI3pGr+jNeDJejHfjY9aaMOKZffQHxucPAi+ZmQ==</latexit>

ln �kl
<latexit sha1_base64="gERAcngHs530qJ2GKh2DnOyBW6w=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ae0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1XGqKOvQWMSqHxDNBJesAxwE6yeKkSgQrBdMb2Z+74EpzWN5D1nCvIiMJQ85JWAk364PgT1CLiQuhkBSP5+KwrcbTtOZA68StyQNVKLt21/DUUzTiEmggmg9cJ0EvJwo4FSwojZMNUsInZIxGxgqScS0l8+PL/CpUUY4jJUpCXiu/p7ISaR1FgWmMyIw0cveTPzPG6QQXnk5l0kKTNLFojAVGGI8SwKPuGIURGYIoYqbWzGdEEUomLxqJgR3+eVV0j1vuk7TvbtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOVMHf2B9fkDgxWVUA==</latexit><latexit sha1_base64="gERAcngHs530qJ2GKh2DnOyBW6w=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ae0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1XGqKOvQWMSqHxDNBJesAxwE6yeKkSgQrBdMb2Z+74EpzWN5D1nCvIiMJQ85JWAk364PgT1CLiQuhkBSP5+KwrcbTtOZA68StyQNVKLt21/DUUzTiEmggmg9cJ0EvJwo4FSwojZMNUsInZIxGxgqScS0l8+PL/CpUUY4jJUpCXiu/p7ISaR1FgWmMyIw0cveTPzPG6QQXnk5l0kKTNLFojAVGGI8SwKPuGIURGYIoYqbWzGdEEUomLxqJgR3+eVV0j1vuk7TvbtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOVMHf2B9fkDgxWVUA==</latexit><latexit sha1_base64="gERAcngHs530qJ2GKh2DnOyBW6w=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ae0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1XGqKOvQWMSqHxDNBJesAxwE6yeKkSgQrBdMb2Z+74EpzWN5D1nCvIiMJQ85JWAk364PgT1CLiQuhkBSP5+KwrcbTtOZA68StyQNVKLt21/DUUzTiEmggmg9cJ0EvJwo4FSwojZMNUsInZIxGxgqScS0l8+PL/CpUUY4jJUpCXiu/p7ISaR1FgWmMyIw0cveTPzPG6QQXnk5l0kKTNLFojAVGGI8SwKPuGIURGYIoYqbWzGdEEUomLxqJgR3+eVV0j1vuk7TvbtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOVMHf2B9fkDgxWVUA==</latexit><latexit sha1_base64="gERAcngHs530qJ2GKh2DnOyBW6w=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ae0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1XGqKOvQWMSqHxDNBJesAxwE6yeKkSgQrBdMb2Z+74EpzWN5D1nCvIiMJQ85JWAk364PgT1CLiQuhkBSP5+KwrcbTtOZA68StyQNVKLt21/DUUzTiEmggmg9cJ0EvJwo4FSwojZMNUsInZIxGxgqScS0l8+PL/CpUUY4jJUpCXiu/p7ISaR1FgWmMyIw0cveTPzPG6QQXnk5l0kKTNLFojAVGGI8SwKPuGIURGYIoYqbWzGdEEUomLxqJgR3+eVV0j1vuk7TvbtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOVMHf2B9fkDgxWVUA==</latexit>

U = hh� + �
<latexit sha1_base64="odopVJmAyCH4Eiv5pOcOx3fDTRQ=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBZREEoigl6EohePFUxbaGPZbDfN0s0m7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMvCDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6wopwJ6mmmOW2nkuI44LQVDG8mfuuRSsUSca9HKfVjPBAsZARrIz146ApF0TE6Rd2GYj276tScKdAicQtShQKNnv3V7Scki6nQhGOlOq6Taj/HUjPC6bjSzRRNMRniAe0YKnBMlZ9Prx6jI6P0UZhIU0Kjqfp7IsexUqM4MJ0x1pGa9ybif14n0+GlnzORZpoKMlsUZhzpBE0iQH0mKdF8ZAgmkplbEYmwxESboComBHf+5UXSPKu5Ts29O6/Wr4s4ynAAh3ACLlxAHW6hAR4QkPAMr/BmPVkv1rv1MWstWcXMPvyB9fkDz8mQwg==</latexit><latexit sha1_base64="odopVJmAyCH4Eiv5pOcOx3fDTRQ=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBZREEoigl6EohePFUxbaGPZbDfN0s0m7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMvCDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6wopwJ6mmmOW2nkuI44LQVDG8mfuuRSsUSca9HKfVjPBAsZARrIz146ApF0TE6Rd2GYj276tScKdAicQtShQKNnv3V7Scki6nQhGOlOq6Taj/HUjPC6bjSzRRNMRniAe0YKnBMlZ9Prx6jI6P0UZhIU0Kjqfp7IsexUqM4MJ0x1pGa9ybif14n0+GlnzORZpoKMlsUZhzpBE0iQH0mKdF8ZAgmkplbEYmwxESboComBHf+5UXSPKu5Ts29O6/Wr4s4ynAAh3ACLlxAHW6hAR4QkPAMr/BmPVkv1rv1MWstWcXMPvyB9fkDz8mQwg==</latexit><latexit sha1_base64="odopVJmAyCH4Eiv5pOcOx3fDTRQ=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBZREEoigl6EohePFUxbaGPZbDfN0s0m7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMvCDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6wopwJ6mmmOW2nkuI44LQVDG8mfuuRSsUSca9HKfVjPBAsZARrIz146ApF0TE6Rd2GYj276tScKdAicQtShQKNnv3V7Scki6nQhGOlOq6Taj/HUjPC6bjSzRRNMRniAe0YKnBMlZ9Prx6jI6P0UZhIU0Kjqfp7IsexUqM4MJ0x1pGa9ybif14n0+GlnzORZpoKMlsUZhzpBE0iQH0mKdF8ZAgmkplbEYmwxESboComBHf+5UXSPKu5Ts29O6/Wr4s4ynAAh3ACLlxAHW6hAR4QkPAMr/BmPVkv1rv1MWstWcXMPvyB9fkDz8mQwg==</latexit><latexit sha1_base64="odopVJmAyCH4Eiv5pOcOx3fDTRQ=">AAAB9XicbVBNS8NAEJ3Ur1q/oh69LBZREEoigl6EohePFUxbaGPZbDfN0s0m7G6UEvo/vHhQxKv/xZv/xm2bg7Y+GHi8N8PMvCDlTGnH+bZKS8srq2vl9crG5tb2jr2711RJJgn1SMIT2Q6wopwJ6mmmOW2nkuI44LQVDG8mfuuRSsUSca9HKfVjPBAsZARrIz146ApF0TE6Rd2GYj276tScKdAicQtShQKNnv3V7Scki6nQhGOlOq6Taj/HUjPC6bjSzRRNMRniAe0YKnBMlZ9Prx6jI6P0UZhIU0Kjqfp7IsexUqM4MJ0x1pGa9ybif14n0+GlnzORZpoKMlsUZhzpBE0iQH0mKdF8ZAgmkplbEYmwxESboComBHf+5UXSPKu5Ts29O6/Wr4s4ynAAh3ACLlxAHW6hAR4QkPAMr/BmPVkv1rv1MWstWcXMPvyB9fkDz8mQwg==</latexit>

Low dimensional covariance maintains posterior 
structure between weights and scales.

#
in

pu
ts

<latexit sha1_base64="T3q/yKw3n9RAynz9XXt+mEAEae8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBAfBVZkRQcFN0Y3LCvYBM0PJpJk2NJMMSUYopZ/hxoUibv0ad/6N6XQW2nogcDjnXnLPiTPOtPG8b6eytr6xuVXdru3s7u0f1A+POlrmitA2kVyqXow15UzQtmGG016mKE5jTrvx+G7ud5+o0kyKRzPJaJTioWAJI9hYKQjd8AYxkeVG9+uu1/AKoFXil8SFEq1+/SscSJKnVBjCsdaB72UmmmJlGOF0VgtzTTNMxnhIA0sFTqmOpsXJM3RmlQFKpLJPGFSovzemONV6ksZ2MsVmpJe9ufifF+QmuY6mRSQqyOKjJOfISDTPjwZMUWL4xBJMFLO3IjLCChNjW6rZEvzlyKukc9HwvYb/cOk2b8s6qnACp3AOPlxBE+6hBW0gIOEZXuHNMc6L8+58LEYrTrlzDH/gfP4Ah2uQwQ==</latexit><latexit sha1_base64="T3q/yKw3n9RAynz9XXt+mEAEae8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBAfBVZkRQcFN0Y3LCvYBM0PJpJk2NJMMSUYopZ/hxoUibv0ad/6N6XQW2nogcDjnXnLPiTPOtPG8b6eytr6xuVXdru3s7u0f1A+POlrmitA2kVyqXow15UzQtmGG016mKE5jTrvx+G7ud5+o0kyKRzPJaJTioWAJI9hYKQjd8AYxkeVG9+uu1/AKoFXil8SFEq1+/SscSJKnVBjCsdaB72UmmmJlGOF0VgtzTTNMxnhIA0sFTqmOpsXJM3RmlQFKpLJPGFSovzemONV6ksZ2MsVmpJe9ufifF+QmuY6mRSQqyOKjJOfISDTPjwZMUWL4xBJMFLO3IjLCChNjW6rZEvzlyKukc9HwvYb/cOk2b8s6qnACp3AOPlxBE+6hBW0gIOEZXuHNMc6L8+58LEYrTrlzDH/gfP4Ah2uQwQ==</latexit><latexit sha1_base64="T3q/yKw3n9RAynz9XXt+mEAEae8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBAfBVZkRQcFN0Y3LCvYBM0PJpJk2NJMMSUYopZ/hxoUibv0ad/6N6XQW2nogcDjnXnLPiTPOtPG8b6eytr6xuVXdru3s7u0f1A+POlrmitA2kVyqXow15UzQtmGG016mKE5jTrvx+G7ud5+o0kyKRzPJaJTioWAJI9hYKQjd8AYxkeVG9+uu1/AKoFXil8SFEq1+/SscSJKnVBjCsdaB72UmmmJlGOF0VgtzTTNMxnhIA0sFTqmOpsXJM3RmlQFKpLJPGFSovzemONV6ksZ2MsVmpJe9ufifF+QmuY6mRSQqyOKjJOfISDTPjwZMUWL4xBJMFLO3IjLCChNjW6rZEvzlyKukc9HwvYb/cOk2b8s6qnACp3AOPlxBE+6hBW0gIOEZXuHNMc6L8+58LEYrTrlzDH/gfP4Ah2uQwQ==</latexit><latexit sha1_base64="T3q/yKw3n9RAynz9XXt+mEAEae8=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBAfBVZkRQcFN0Y3LCvYBM0PJpJk2NJMMSUYopZ/hxoUibv0ad/6N6XQW2nogcDjnXnLPiTPOtPG8b6eytr6xuVXdru3s7u0f1A+POlrmitA2kVyqXow15UzQtmGG016mKE5jTrvx+G7ud5+o0kyKRzPJaJTioWAJI9hYKQjd8AYxkeVG9+uu1/AKoFXil8SFEq1+/SscSJKnVBjCsdaB72UmmmJlGOF0VgtzTTNMxnhIA0sFTqmOpsXJM3RmlQFKpLJPGFSovzemONV6ksZ2MsVmpJe9ufifF+QmuY6mRSQqyOKjJOfISDTPjwZMUWL4xBJMFLO3IjLCChNjW6rZEvzlyKukc9HwvYb/cOk2b8s6qnACp3AOPlxBE+6hBW0gIOEZXuHNMc6L8+58LEYrTrlzDH/gfP4Ah2uQwQ==</latexit>

# outputs
<latexit sha1_base64="ICBz4Nuoqv8BUptsqPXTA09K6E0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BBfBU9kVQcFL0YvHCvYDukvJptk2NJssyUQopX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMS3LBDQTBt1daW9/Y3CpvV3Z29/YPqodHLaOspqxJlVC6kxDDBJesCRwE6+SakSwRrJ2M7mZ++4lpw5V8hHHO4owMJE85JeCkKPKjG6ws5BZMr+oHtWAOvErCgvioQKNX/Yr6itqMSaCCGNMNgxziCdHAqWDTSmQNywkdkQHrOipJxkw8md88xWdO6eNUaVcS8Fz9PTEhmTHjLHGdGYGhWfZm4n9e10J6HU+4dC8xSReLUiswKDwLAPe5ZhTE2BFCNXe3YjokmlBwMVVcCOHyy6ukdVELg1r4cOnXb4s4yugEnaJzFKIrVEf3qIGaiKIcPaNX9OZZ78V79z4WrSWvmDlGf+B9/gB0GpFM</latexit><latexit sha1_base64="ICBz4Nuoqv8BUptsqPXTA09K6E0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BBfBU9kVQcFL0YvHCvYDukvJptk2NJssyUQopX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMS3LBDQTBt1daW9/Y3CpvV3Z29/YPqodHLaOspqxJlVC6kxDDBJesCRwE6+SakSwRrJ2M7mZ++4lpw5V8hHHO4owMJE85JeCkKPKjG6ws5BZMr+oHtWAOvErCgvioQKNX/Yr6itqMSaCCGNMNgxziCdHAqWDTSmQNywkdkQHrOipJxkw8md88xWdO6eNUaVcS8Fz9PTEhmTHjLHGdGYGhWfZm4n9e10J6HU+4dC8xSReLUiswKDwLAPe5ZhTE2BFCNXe3YjokmlBwMVVcCOHyy6ukdVELg1r4cOnXb4s4yugEnaJzFKIrVEf3qIGaiKIcPaNX9OZZ78V79z4WrSWvmDlGf+B9/gB0GpFM</latexit><latexit sha1_base64="ICBz4Nuoqv8BUptsqPXTA09K6E0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BBfBU9kVQcFL0YvHCvYDukvJptk2NJssyUQopX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMS3LBDQTBt1daW9/Y3CpvV3Z29/YPqodHLaOspqxJlVC6kxDDBJesCRwE6+SakSwRrJ2M7mZ++4lpw5V8hHHO4owMJE85JeCkKPKjG6ws5BZMr+oHtWAOvErCgvioQKNX/Yr6itqMSaCCGNMNgxziCdHAqWDTSmQNywkdkQHrOipJxkw8md88xWdO6eNUaVcS8Fz9PTEhmTHjLHGdGYGhWfZm4n9e10J6HU+4dC8xSReLUiswKDwLAPe5ZhTE2BFCNXe3YjokmlBwMVVcCOHyy6ukdVELg1r4cOnXb4s4yugEnaJzFKIrVEf3qIGaiKIcPaNX9OZZ78V79z4WrSWvmDlGf+B9/gB0GpFM</latexit><latexit sha1_base64="ICBz4Nuoqv8BUptsqPXTA09K6E0=">AAAB83icbVBNSwMxEM3Wr1q/qh69BBfBU9kVQcFL0YvHCvYDukvJptk2NJssyUQopX/DiwdFvPpnvPlvTNs9aOuDgcd7M8zMS3LBDQTBt1daW9/Y3CpvV3Z29/YPqodHLaOspqxJlVC6kxDDBJesCRwE6+SakSwRrJ2M7mZ++4lpw5V8hHHO4owMJE85JeCkKPKjG6ws5BZMr+oHtWAOvErCgvioQKNX/Yr6itqMSaCCGNMNgxziCdHAqWDTSmQNywkdkQHrOipJxkw8md88xWdO6eNUaVcS8Fz9PTEhmTHjLHGdGYGhWfZm4n9e10J6HU+4dC8xSReLUiswKDwLAPe5ZhTE2BFCNXe3YjokmlBwMVVcCOHyy6ukdVELg1r4cOnXb4s4yugEnaJzFKIrVEf3qIGaiKIcPaNX9OZZ78V79z4WrSWvmDlGf+B9/gB0GpFM</latexit>

weights

scales

!10

• Local re-parameterization: 

�kl
<latexit sha1_base64="BUR6kEZthBpCOw5mgpanigOVlW0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbiwBZPx/LKe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDMiyRLg==</latexit><latexit sha1_base64="BUR6kEZthBpCOw5mgpanigOVlW0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbiwBZPx/LKe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDMiyRLg==</latexit><latexit sha1_base64="BUR6kEZthBpCOw5mgpanigOVlW0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbiwBZPx/LKe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDMiyRLg==</latexit><latexit sha1_base64="BUR6kEZthBpCOw5mgpanigOVlW0=">AAAB8nicbVA9SwNBEN2LXzF+RS1tFoNgFe5E0DJoYxnBxEByhL3NXLJkb/fYnRPCkZ9hY6GIrb/Gzn/jJrlCEx8MPN6bYWZelEph0fe/vdLa+sbmVnm7srO7t39QPTxqW50ZDi2upTadiFmQQkELBUropAZYEkl4jMa3M//xCYwVWj3gJIUwYUMlYsEZOqnbiwBZPx/LKe1Xa37dn4OukqAgNVKg2a9+9QaaZwko5JJZ2w38FMOcGRRcwrTSyyykjI/ZELqOKpaADfP5yVN65pQBjbVxpZDO1d8TOUusnSSR60wYjuyyNxP/87oZxtdhLlSaISi+WBRnkqKms//pQBjgKCeOMG6Eu5XyETOMo0up4kIIll9eJe2LeuDXg/vLWuOmiKNMTsgpOScBuSINckeapEU40eSZvJI3D70X7937WLSWvGLmmPyB9/kDMiyRLg==</latexit>

ln �kl
<latexit sha1_base64="gERAcngHs530qJ2GKh2DnOyBW6w=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ae0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1XGqKOvQWMSqHxDNBJesAxwE6yeKkSgQrBdMb2Z+74EpzWN5D1nCvIiMJQ85JWAk364PgT1CLiQuhkBSP5+KwrcbTtOZA68StyQNVKLt21/DUUzTiEmggmg9cJ0EvJwo4FSwojZMNUsInZIxGxgqScS0l8+PL/CpUUY4jJUpCXiu/p7ISaR1FgWmMyIw0cveTPzPG6QQXnk5l0kKTNLFojAVGGI8SwKPuGIURGYIoYqbWzGdEEUomLxqJgR3+eVV0j1vuk7TvbtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOVMHf2B9fkDgxWVUA==</latexit><latexit sha1_base64="gERAcngHs530qJ2GKh2DnOyBW6w=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ae0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1XGqKOvQWMSqHxDNBJesAxwE6yeKkSgQrBdMb2Z+74EpzWN5D1nCvIiMJQ85JWAk364PgT1CLiQuhkBSP5+KwrcbTtOZA68StyQNVKLt21/DUUzTiEmggmg9cJ0EvJwo4FSwojZMNUsInZIxGxgqScS0l8+PL/CpUUY4jJUpCXiu/p7ISaR1FgWmMyIw0cveTPzPG6QQXnk5l0kKTNLFojAVGGI8SwKPuGIURGYIoYqbWzGdEEUomLxqJgR3+eVV0j1vuk7TvbtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOVMHf2B9fkDgxWVUA==</latexit><latexit sha1_base64="gERAcngHs530qJ2GKh2DnOyBW6w=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ae0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1XGqKOvQWMSqHxDNBJesAxwE6yeKkSgQrBdMb2Z+74EpzWN5D1nCvIiMJQ85JWAk364PgT1CLiQuhkBSP5+KwrcbTtOZA68StyQNVKLt21/DUUzTiEmggmg9cJ0EvJwo4FSwojZMNUsInZIxGxgqScS0l8+PL/CpUUY4jJUpCXiu/p7ISaR1FgWmMyIw0cveTPzPG6QQXnk5l0kKTNLFojAVGGI8SwKPuGIURGYIoYqbWzGdEEUomLxqJgR3+eVV0j1vuk7TvbtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOVMHf2B9fkDgxWVUA==</latexit><latexit sha1_base64="gERAcngHs530qJ2GKh2DnOyBW6w=">AAAB/HicbVBNS8NAEN3Ur1q/oj16WSyCp5KIoMeiF48V7Ae0IWy2m3bpZhN2J2II8a948aCIV3+IN/+N2zYHbX0w8Hhvhpl5QSK4Bsf5tipr6xubW9Xt2s7u3v6BfXjU1XGqKOvQWMSqHxDNBJesAxwE6yeKkSgQrBdMb2Z+74EpzWN5D1nCvIiMJQ85JWAk364PgT1CLiQuhkBSP5+KwrcbTtOZA68StyQNVKLt21/DUUzTiEmggmg9cJ0EvJwo4FSwojZMNUsInZIxGxgqScS0l8+PL/CpUUY4jJUpCXiu/p7ISaR1FgWmMyIw0cveTPzPG6QQXnk5l0kKTNLFojAVGGI8SwKPuGIURGYIoYqbWzGdEEUomLxqJgR3+eVV0j1vuk7TvbtotK7LOKroGJ2gM+SiS9RCt6iNOoiiDD2jV/RmPVkv1rv1sWitWOVMHf2B9fkDgxWVUA==</latexit>q(

<latexit sha1_base64="8FKCze5WmZ5Lvmp2roRbssYrnYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF49V7Ae0oWy2k3bpZhN3N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/1jtlytuzZ2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0jqveW7Nu7uo1K/zOIpwAqdQBQ8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5Az2hjSc=</latexit><latexit sha1_base64="8FKCze5WmZ5Lvmp2roRbssYrnYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF49V7Ae0oWy2k3bpZhN3N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/1jtlytuzZ2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0jqveW7Nu7uo1K/zOIpwAqdQBQ8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5Az2hjSc=</latexit><latexit sha1_base64="8FKCze5WmZ5Lvmp2roRbssYrnYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF49V7Ae0oWy2k3bpZhN3N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/1jtlytuzZ2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0jqveW7Nu7uo1K/zOIpwAqdQBQ8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5Az2hjSc=</latexit><latexit sha1_base64="8FKCze5WmZ5Lvmp2roRbssYrnYc=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBahp5KIoMeiF49V7Ae0oWy2k3bpZhN3N0IJ/QdePCji1X/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3n1BpHssHM0nQj+hQ8pAzaqx0/1jtlytuzZ2DrBIvJxXI0eiXv3qDmKURSsME1brruYnxM6oMZwKnpV6qMaFsTIfYtVTSCLWfzS+dkjOrDEgYK1vSkLn6eyKjkdaTKLCdETUjvezNxP+8bmrCKz/jMkkNSrZYFKaCmJjM3iYDrpAZMbGEMsXtrYSNqKLM2HBKNgRv+eVV0jqveW7Nu7uo1K/zOIpwAqdQBQ8uoQ630IAmMAjhGV7hzRk7L86787FoLTj5zDH8gfP5Az2hjSc=</latexit>

)
<latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit><latexit sha1_base64="Vc/F7wCLwhVrbNGal5W4fQhkQ2w=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBLyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHbn2MrQ==</latexit>

= Matrix-Normal(M�|� , U�|� , V�|� )
<latexit sha1_base64="telQwAcZbhajrNyKXrQhT697vtQ="></latexit><latexit sha1_base64="telQwAcZbhajrNyKXrQhT697vtQ="></latexit><latexit sha1_base64="telQwAcZbhajrNyKXrQhT697vtQ="></latexit><latexit sha1_base64="telQwAcZbhajrNyKXrQhT697vtQ="></latexit>

• Weights incident on a unit:



Both using 
regularized 
Horseshoe priors

Synthetic Data: Better Fits
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1000 Unit reg HS, structured VI



UCI Regression Tasks
• Structured variational approximation -> stronger shrinkage, similar predictive performance

!12

• Predictive Performance:

Pruning rule uses  
the variational posterior

Comparisons with Variational matrix Gaussian (Louizos & Welling, ICML 2016)  
q(�klvl < �) > p0

<latexit sha1_base64="O9zzJP9sYJ/Idv2rFhVgLFAVE9A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQRciRTcuK9gHNCFMJtN26OThzE2hhO7c+CtuXCji1l9w5984bbPQ1gMXDufcy733+IngCizr2ygsLa+srhXXSxubW9s75u5eU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDPxW0MmFY+jexglzA1JL+JdTgloyTMPHyoOkNTLBmI89AS+xE7ABJATfIUTz/LMslW1psCLxM5JGeWoe+aXE8Q0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTP8b4WCsB7sZSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJoXvhZjxKUmARnS3qpgJDjCeh4IBLRkGMNCFUcn0rpn0iCQUdXUmHYM+/vEiap1Xbqtp3Z+XadR5HER2gI1RBNjpHNXSL6qiBKHpEz+gVvRlPxovxbnzMWgtGPrOP/sD4/AH1h5gN</latexit><latexit sha1_base64="O9zzJP9sYJ/Idv2rFhVgLFAVE9A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQRciRTcuK9gHNCFMJtN26OThzE2hhO7c+CtuXCji1l9w5984bbPQ1gMXDufcy733+IngCizr2ygsLa+srhXXSxubW9s75u5eU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDPxW0MmFY+jexglzA1JL+JdTgloyTMPHyoOkNTLBmI89AS+xE7ABJATfIUTz/LMslW1psCLxM5JGeWoe+aXE8Q0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTP8b4WCsB7sZSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJoXvhZjxKUmARnS3qpgJDjCeh4IBLRkGMNCFUcn0rpn0iCQUdXUmHYM+/vEiap1Xbqtp3Z+XadR5HER2gI1RBNjpHNXSL6qiBKHpEz+gVvRlPxovxbnzMWgtGPrOP/sD4/AH1h5gN</latexit><latexit sha1_base64="O9zzJP9sYJ/Idv2rFhVgLFAVE9A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBotQNyURQRciRTcuK9gHNCFMJtN26OThzE2hhO7c+CtuXCji1l9w5984bbPQ1gMXDufcy733+IngCizr2ygsLa+srhXXSxubW9s75u5eU8WppKxBYxHLtk8UEzxiDeAgWDuRjIS+YC1/cDPxW0MmFY+jexglzA1JL+JdTgloyTMPHyoOkNTLBmI89AS+xE7ABJATfIUTz/LMslW1psCLxM5JGeWoe+aXE8Q0DVkEVBClOraVgJsRCZwKNi45qWIJoQPSYx1NIxIy5WbTP8b4WCsB7sZSVwR4qv6eyEio1Cj0dWdIoK/mvYn4n9dJoXvhZjxKUmARnS3qpgJDjCeh4IBLRkGMNCFUcn0rpn0iCQUdXUmHYM+/vEiap1Xbqtp3Z+XadR5HER2gI1RBNjpHNXSL6qiBKHpEz+gVvRlPxovxbnzMWgtGPrOP/sD4/AH1h5gN</latexit>



Summary

• (Regularized) Horseshoe Priors for BNNs can assist with 
model-selection 
− Recover small networks with similar performance to larger networks. 

• Careful modeling of posterior structure between weights and 
scales is essential for reliable shrinkage. 

• For more results, small data and reinforcement learning 
experiments, stop by the poster (#193) 
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Thanks!


