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• Advantages of using Bayesian neural networks 

• Training Bayesian neural networks 

• First example: binary dropout 

• Second example: Bayesian sparsification
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<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

input
x

<latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit>

P(class | image, net)
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<latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit>

p(y = “cat”|x,w)
<latexit sha1_base64="DXDs6TBR4x65795wj5LaQJMWagA=">AAAB+XicbVDLSgMxFL3js9bXqEs3oUWoIGVGBN0IBTeCmwr2Ae3QZtJMG5rJDEmmWsaCH+LGhSJu/RN3/o3pY6GtBy6cnHMvuff4MWdKO863tbS8srq2ntnIbm5t7+zae/tVFSWS0AqJeCTrPlaUM0ErmmlO67GkOPQ5rfn9q7FfG1CpWCTu9DCmXoi7ggWMYG2klm3HheFlu22euceHE3R/3LLzTtGZAC0Sd0byMEO5ZX81OxFJQio04ViphuvE2kux1IxwOso2E0VjTPq4SxuGChxS5aWTzUfoyCgdFETSlNBoov6eSHGo1DD0TWeIdU/Ne2PxP6+R6ODCS5mIE00FmX4UJBzpCI1jQB0mKdF8aAgmkpldEelhiYk2YWVNCO78yYukelp0naJ7e5Yv3TxN48jAIeSgAC6cQwmuoQwVIDCAZ3iFNyu1Xqx362PaumTNIjyAP7A+fwAmeJMc</latexit><latexit sha1_base64="DXDs6TBR4x65795wj5LaQJMWagA=">AAAB+XicbVDLSgMxFL3js9bXqEs3oUWoIGVGBN0IBTeCmwr2Ae3QZtJMG5rJDEmmWsaCH+LGhSJu/RN3/o3pY6GtBy6cnHMvuff4MWdKO863tbS8srq2ntnIbm5t7+zae/tVFSWS0AqJeCTrPlaUM0ErmmlO67GkOPQ5rfn9q7FfG1CpWCTu9DCmXoi7ggWMYG2klm3HheFlu22euceHE3R/3LLzTtGZAC0Sd0byMEO5ZX81OxFJQio04ViphuvE2kux1IxwOso2E0VjTPq4SxuGChxS5aWTzUfoyCgdFETSlNBoov6eSHGo1DD0TWeIdU/Ne2PxP6+R6ODCS5mIE00FmX4UJBzpCI1jQB0mKdF8aAgmkpldEelhiYk2YWVNCO78yYukelp0naJ7e5Yv3TxN48jAIeSgAC6cQwmuoQwVIDCAZ3iFNyu1Xqx362PaumTNIjyAP7A+fwAmeJMc</latexit><latexit sha1_base64="DXDs6TBR4x65795wj5LaQJMWagA=">AAAB+XicbVDLSgMxFL3js9bXqEs3oUWoIGVGBN0IBTeCmwr2Ae3QZtJMG5rJDEmmWsaCH+LGhSJu/RN3/o3pY6GtBy6cnHMvuff4MWdKO863tbS8srq2ntnIbm5t7+zae/tVFSWS0AqJeCTrPlaUM0ErmmlO67GkOPQ5rfn9q7FfG1CpWCTu9DCmXoi7ggWMYG2klm3HheFlu22euceHE3R/3LLzTtGZAC0Sd0byMEO5ZX81OxFJQio04ViphuvE2kux1IxwOso2E0VjTPq4SxuGChxS5aWTzUfoyCgdFETSlNBoov6eSHGo1DD0TWeIdU/Ne2PxP6+R6ODCS5mIE00FmX4UJBzpCI1jQB0mKdF8aAgmkpldEelhiYk2YWVNCO78yYukelp0naJ7e5Yv3TxN48jAIeSgAC6cQwmuoQwVIDCAZ3iFNyu1Xqx362PaumTNIjyAP7A+fwAmeJMc</latexit><latexit sha1_base64="DXDs6TBR4x65795wj5LaQJMWagA=">AAAB+XicbVDLSgMxFL3js9bXqEs3oUWoIGVGBN0IBTeCmwr2Ae3QZtJMG5rJDEmmWsaCH+LGhSJu/RN3/o3pY6GtBy6cnHMvuff4MWdKO863tbS8srq2ntnIbm5t7+zae/tVFSWS0AqJeCTrPlaUM0ErmmlO67GkOPQ5rfn9q7FfG1CpWCTu9DCmXoi7ggWMYG2klm3HheFlu22euceHE3R/3LLzTtGZAC0Sd0byMEO5ZX81OxFJQio04ViphuvE2kux1IxwOso2E0VjTPq4SxuGChxS5aWTzUfoyCgdFETSlNBoov6eSHGo1DD0TWeIdU/Ne2PxP6+R6ODCS5mIE00FmX4UJBzpCI1jQB0mKdF8aAgmkpldEelhiYk2YWVNCO78yYukelp0naJ7e5Yv3TxN48jAIeSgAC6cQwmuoQwVIDCAZ3iFNyu1Xqx362PaumTNIjyAP7A+fwAmeJMc</latexit>

P(class | image, net)
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<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>
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Neural networks

neural network 
with weights        w

<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

input
x

<latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit>
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sum over objects 
(images)

probability of 
true class

NX

i=1

log p(y

i|xi
, w) ! max

w
<latexit sha1_base64="v3Bn6br8vUrROfijEixCYA4vTyA="></latexit><latexit sha1_base64="v3Bn6br8vUrROfijEixCYA4vTyA="></latexit><latexit sha1_base64="v3Bn6br8vUrROfijEixCYA4vTyA="></latexit><latexit sha1_base64="v3Bn6br8vUrROfijEixCYA4vTyA="></latexit>

Training — optimization 
over weights      
using stochastic  
gradient descend:

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>



/928

Neural networks

neural network 
with weights        w

<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

input
x

<latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit>
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ij ⇠ Unif(1, . . . , N)
<latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit>

m
<latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit>

⌘
<latexit sha1_base64="Ky8KAip2vACjb6f2ee0KjJBZA/k=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk0kyZGZ2mekVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6JECou+/+0V1tY3NreK26Wd3b39g/LhUdPGqWG8wWIZm3ZELZdC8wYKlLydGE5VJHkrGt/kfuuRGyti/YCThIeKDrUYCEYxl7ocaa9c8av+DGSVBAtSgQXqvfJXtx+zVHGNTFJrO4GfYJhRg4JJPi11U8sTysZ0yDuOaqq4DbPZrVNy5pQ+GcTGlUYyU39PZFRZO1GR61QUR3bZy8X/vE6Kg+swEzpJkWs2XzRIJcGY5I+TvjCcoZw4QpkR7lbCRtRQhi6ekgshWH55lTQvqoFfDe4vK7W7p3kcRTiBUziHAK6gBrdQhwYwGMEzvMKbp7wX7937mLcWvEWEx/AH3ucPMZeOwQ==</latexit><latexit sha1_base64="Ky8KAip2vACjb6f2ee0KjJBZA/k=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk0kyZGZ2mekVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6JECou+/+0V1tY3NreK26Wd3b39g/LhUdPGqWG8wWIZm3ZELZdC8wYKlLydGE5VJHkrGt/kfuuRGyti/YCThIeKDrUYCEYxl7ocaa9c8av+DGSVBAtSgQXqvfJXtx+zVHGNTFJrO4GfYJhRg4JJPi11U8sTysZ0yDuOaqq4DbPZrVNy5pQ+GcTGlUYyU39PZFRZO1GR61QUR3bZy8X/vE6Kg+swEzpJkWs2XzRIJcGY5I+TvjCcoZw4QpkR7lbCRtRQhi6ekgshWH55lTQvqoFfDe4vK7W7p3kcRTiBUziHAK6gBrdQhwYwGMEzvMKbp7wX7937mLcWvEWEx/AH3ucPMZeOwQ==</latexit><latexit sha1_base64="Ky8KAip2vACjb6f2ee0KjJBZA/k=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk0kyZGZ2mekVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6JECou+/+0V1tY3NreK26Wd3b39g/LhUdPGqWG8wWIZm3ZELZdC8wYKlLydGE5VJHkrGt/kfuuRGyti/YCThIeKDrUYCEYxl7ocaa9c8av+DGSVBAtSgQXqvfJXtx+zVHGNTFJrO4GfYJhRg4JJPi11U8sTysZ0yDuOaqq4DbPZrVNy5pQ+GcTGlUYyU39PZFRZO1GR61QUR3bZy8X/vE6Kg+swEzpJkWs2XzRIJcGY5I+TvjCcoZw4QpkR7lbCRtRQhi6ekgshWH55lTQvqoFfDe4vK7W7p3kcRTiBUziHAK6gBrdQhwYwGMEzvMKbp7wX7937mLcWvEWEx/AH3ucPMZeOwQ==</latexit><latexit sha1_base64="Ky8KAip2vACjb6f2ee0KjJBZA/k=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk0kyZGZ2mekVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6JECou+/+0V1tY3NreK26Wd3b39g/LhUdPGqWG8wWIZm3ZELZdC8wYKlLydGE5VJHkrGt/kfuuRGyti/YCThIeKDrUYCEYxl7ocaa9c8av+DGSVBAtSgQXqvfJXtx+zVHGNTFJrO4GfYJhRg4JJPi11U8sTysZ0yDuOaqq4DbPZrVNy5pQ+GcTGlUYyU39PZFRZO1GR61QUR3bZy8X/vE6Kg+swEzpJkWs2XzRIJcGY5I+TvjCcoZw4QpkR7lbCRtRQhi6ekgshWH55lTQvqoFfDe4vK7W7p3kcRTiBUziHAK6gBrdQhwYwGMEzvMKbp7wX7937mLcWvEWEx/AH3ucPMZeOwQ==</latexit>

— learning rate— mini-batch size

Training — optimization 
over weights      
using stochastic  
gradient descend:

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>
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<latexit sha1_base64="yeXWwT8KDVg1GP2tztG85Oyhl7g="></latexit><latexit sha1_base64="yeXWwT8KDVg1GP2tztG85Oyhl7g="></latexit><latexit sha1_base64="yeXWwT8KDVg1GP2tztG85Oyhl7g="></latexit><latexit sha1_base64="yeXWwT8KDVg1GP2tztG85Oyhl7g="></latexit>
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Regularization by noise
• Traditional regularization: add some penalty for model complexity 

• L2, L1 - regularization, max norm constraint 

• More recent approaches: regularization by noise 
• Data augmentation, dropout, gradient noise 

Bayesian framework provides a principled approach to training with noise!

Objective = DataLoss(X,Y,w) +Regularizer(w)
<latexit sha1_base64="WzZP9vxSOnn2LmHFjBKWe6apaYA=">AAACGHicbVBLS0JBFJ7b0+xltWwzJIFS2L0R1CYQalEQZJFmqMi541En5z6YmauY+DPa9FfatCiirbv+TeNj0euDAx/fdw7nnM8NBVfatj+tqemZ2bn52EJ8cWl5ZTWxtl5QQSQZ5lkgAll0QaHgPuY11wKLoUTwXIG3butk6N+2USoe+De6G2LFg4bP65yBNlI1sXfp3iPTvI30mJ6ChotAqVRxl97t0k6a7tBrbEQCJH9ASVOddDWRtDP2CPQvcSYkSSbIVRODci1gkYe+ZgKUKjl2qCs9kJozgf14OVIYAmtBA0uG+uChqvRGj/XptlFqtB5IU76mI/X7RA88pbqeazo90E312xuK/3mlSNePKj3uh5FGn40X1SNBdUCHKdEalyYV0TUEmOTmVsqaIIFpk2XchOD8fvkvKexnHDvjXB0ks+eTOGJkk2yRFHHIIcmSM5IjecLII3kmr+TNerJerHfrY9w6ZU1mNsgPWIMvrWqdqw==</latexit><latexit sha1_base64="WzZP9vxSOnn2LmHFjBKWe6apaYA=">AAACGHicbVBLS0JBFJ7b0+xltWwzJIFS2L0R1CYQalEQZJFmqMi541En5z6YmauY+DPa9FfatCiirbv+TeNj0euDAx/fdw7nnM8NBVfatj+tqemZ2bn52EJ8cWl5ZTWxtl5QQSQZ5lkgAll0QaHgPuY11wKLoUTwXIG3butk6N+2USoe+De6G2LFg4bP65yBNlI1sXfp3iPTvI30mJ6ChotAqVRxl97t0k6a7tBrbEQCJH9ASVOddDWRtDP2CPQvcSYkSSbIVRODci1gkYe+ZgKUKjl2qCs9kJozgf14OVIYAmtBA0uG+uChqvRGj/XptlFqtB5IU76mI/X7RA88pbqeazo90E312xuK/3mlSNePKj3uh5FGn40X1SNBdUCHKdEalyYV0TUEmOTmVsqaIIFpk2XchOD8fvkvKexnHDvjXB0ks+eTOGJkk2yRFHHIIcmSM5IjecLII3kmr+TNerJerHfrY9w6ZU1mNsgPWIMvrWqdqw==</latexit><latexit sha1_base64="WzZP9vxSOnn2LmHFjBKWe6apaYA=">AAACGHicbVBLS0JBFJ7b0+xltWwzJIFS2L0R1CYQalEQZJFmqMi541En5z6YmauY+DPa9FfatCiirbv+TeNj0euDAx/fdw7nnM8NBVfatj+tqemZ2bn52EJ8cWl5ZTWxtl5QQSQZ5lkgAll0QaHgPuY11wKLoUTwXIG3butk6N+2USoe+De6G2LFg4bP65yBNlI1sXfp3iPTvI30mJ6ChotAqVRxl97t0k6a7tBrbEQCJH9ASVOddDWRtDP2CPQvcSYkSSbIVRODci1gkYe+ZgKUKjl2qCs9kJozgf14OVIYAmtBA0uG+uChqvRGj/XptlFqtB5IU76mI/X7RA88pbqeazo90E312xuK/3mlSNePKj3uh5FGn40X1SNBdUCHKdEalyYV0TUEmOTmVsqaIIFpk2XchOD8fvkvKexnHDvjXB0ks+eTOGJkk2yRFHHIIcmSM5IjecLII3kmr+TNerJerHfrY9w6ZU1mNsgPWIMvrWqdqw==</latexit><latexit sha1_base64="WzZP9vxSOnn2LmHFjBKWe6apaYA=">AAACGHicbVBLS0JBFJ7b0+xltWwzJIFS2L0R1CYQalEQZJFmqMi541En5z6YmauY+DPa9FfatCiirbv+TeNj0euDAx/fdw7nnM8NBVfatj+tqemZ2bn52EJ8cWl5ZTWxtl5QQSQZ5lkgAll0QaHgPuY11wKLoUTwXIG3butk6N+2USoe+De6G2LFg4bP65yBNlI1sXfp3iPTvI30mJ6ChotAqVRxl97t0k6a7tBrbEQCJH9ASVOddDWRtDP2CPQvcSYkSSbIVRODci1gkYe+ZgKUKjl2qCs9kJozgf14OVIYAmtBA0uG+uChqvRGj/XptlFqtB5IU76mI/X7RA88pbqeazo90E312xuK/3mlSNePKj3uh5FGn40X1SNBdUCHKdEalyYV0TUEmOTmVsqaIIFpk2XchOD8fvkvKexnHDvjXB0ks+eTOGJkk2yRFHHIIcmSM5IjecLII3kmr+TNerJerHfrY9w6ZU1mNsgPWIMvrWqdqw==</latexit>

Objective = Ep(⌦)DataLoss(X,Y,w,⌦)
<latexit sha1_base64="S+QmlmZlUfvm80GzoGQleRt1tiM="></latexit><latexit sha1_base64="S+QmlmZlUfvm80GzoGQleRt1tiM="></latexit><latexit sha1_base64="S+QmlmZlUfvm80GzoGQleRt1tiM="></latexit><latexit sha1_base64="S+QmlmZlUfvm80GzoGQleRt1tiM="></latexit>

9Slide From Dmitry Molchanov’s presentation, deepbayes.ru/2018
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Bayesian neural networks

Prediction 
on new  
object      :

Training:

Weights: deterministic 
 weights

point 
estimate

Data
X,Y

<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit> w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

p(y⇤|x⇤, w)
<latexit sha1_base64="tUtWdRfaHwENoUb9nVU5oowj/SA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1CJlRgRdFtwIbirYB7TDkEkzbWgmMyaZahkL/gs3LhRx649x578xfSy09UDg45wbcnP8mDOlbfvbyiwtr6yuZddzG5tb2zv53b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvz+5ThvDKhULBK3ehhTN8RdwQJGsDaWGxeHXunxwSudoPtjL1+wy/ZEaBGcGRRgpqqX/2p3IpKEVGjCsVItx461m2KpGeF0lGsnisaY9HGXtgwKHFLlppOlR+jIOB0URNIcodHE/X0jxaFSw9A3kyHWPTWfjc3/slaigws3ZSJONBVk+lCQcKQjNG4AdZikRPOhAUwkM7si0sMSE216ypkSnPkvL0L9tOzYZefmrFC5fprWkYUDOIQiOHAOFbiCKtSAwB08wyu8WQPrxXq3PqajGWtW4T78kfX5A0ORkYg=</latexit><latexit sha1_base64="tUtWdRfaHwENoUb9nVU5oowj/SA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1CJlRgRdFtwIbirYB7TDkEkzbWgmMyaZahkL/gs3LhRx649x578xfSy09UDg45wbcnP8mDOlbfvbyiwtr6yuZddzG5tb2zv53b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvz+5ThvDKhULBK3ehhTN8RdwQJGsDaWGxeHXunxwSudoPtjL1+wy/ZEaBGcGRRgpqqX/2p3IpKEVGjCsVItx461m2KpGeF0lGsnisaY9HGXtgwKHFLlppOlR+jIOB0URNIcodHE/X0jxaFSw9A3kyHWPTWfjc3/slaigws3ZSJONBVk+lCQcKQjNG4AdZikRPOhAUwkM7si0sMSE216ypkSnPkvL0L9tOzYZefmrFC5fprWkYUDOIQiOHAOFbiCKtSAwB08wyu8WQPrxXq3PqajGWtW4T78kfX5A0ORkYg=</latexit><latexit sha1_base64="tUtWdRfaHwENoUb9nVU5oowj/SA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1CJlRgRdFtwIbirYB7TDkEkzbWgmMyaZahkL/gs3LhRx649x578xfSy09UDg45wbcnP8mDOlbfvbyiwtr6yuZddzG5tb2zv53b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvz+5ThvDKhULBK3ehhTN8RdwQJGsDaWGxeHXunxwSudoPtjL1+wy/ZEaBGcGRRgpqqX/2p3IpKEVGjCsVItx461m2KpGeF0lGsnisaY9HGXtgwKHFLlppOlR+jIOB0URNIcodHE/X0jxaFSw9A3kyHWPTWfjc3/slaigws3ZSJONBVk+lCQcKQjNG4AdZikRPOhAUwkM7si0sMSE216ypkSnPkvL0L9tOzYZefmrFC5fprWkYUDOIQiOHAOFbiCKtSAwB08wyu8WQPrxXq3PqajGWtW4T78kfX5A0ORkYg=</latexit><latexit sha1_base64="tUtWdRfaHwENoUb9nVU5oowj/SA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1CJlRgRdFtwIbirYB7TDkEkzbWgmMyaZahkL/gs3LhRx649x578xfSy09UDg45wbcnP8mDOlbfvbyiwtr6yuZddzG5tb2zv53b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvz+5ThvDKhULBK3ehhTN8RdwQJGsDaWGxeHXunxwSudoPtjL1+wy/ZEaBGcGRRgpqqX/2p3IpKEVGjCsVItx461m2KpGeF0lGsnisaY9HGXtgwKHFLlppOlR+jIOB0URNIcodHE/X0jxaFSw9A3kyHWPTWfjc3/slaigws3ZSJONBVk+lCQcKQjNG4AdZikRPOhAUwkM7si0sMSE216ypkSnPkvL0L9tOzYZefmrFC5fprWkYUDOIQiOHAOFbiCKtSAwB08wyu8WQPrxXq3PqajGWtW4T78kfX5A0ORkYg=</latexit>

stochastic  
weights

Posterior
Data

Prior X,Y
<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit>

p(w|X,Y )
<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

Ep(w|X,Y )p(y⇤|x⇤, w)
<latexit sha1_base64="HNgNqqYMYqcP2ybOozhZ9FP0AGA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoSymJCLosiKC7CvYhbQiT6aQdOnkwM7GGND/gxl9x40IRt+7d+TdOHwttPXDhcM693HuPEzIqpGF8a5ml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj7zXvCBQ38WxmHxPJQz6cuxUgqydaPOh6SfcdJLlM7CQvDUasM74opDAuxXRo92KUyHBZtPW9UjAngIjFnJA9mqNn6V6cb4MgjvsQMCdE2jVBaCeKSYkbSXCcSJER4gHqkraiPPCKsZPJNCo+V0oVuwFX5Ek7U3xMJ8oSIPUd1jm8X895Y/M9rR9I9txLqh5EkPp4uciMGZQDH0cAu5QRLFiuCMKfqVoj7iCMsVYA5FYI5//IiaZxUTKNi3pzmq9ezOLLgAByCAjDBGaiCK1ADdYDBI3gGr+BNe9JetHftY9qa0WYz++APtM8fIKmaTA==</latexit><latexit sha1_base64="HNgNqqYMYqcP2ybOozhZ9FP0AGA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoSymJCLosiKC7CvYhbQiT6aQdOnkwM7GGND/gxl9x40IRt+7d+TdOHwttPXDhcM693HuPEzIqpGF8a5ml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj7zXvCBQ38WxmHxPJQz6cuxUgqydaPOh6SfcdJLlM7CQvDUasM74opDAuxXRo92KUyHBZtPW9UjAngIjFnJA9mqNn6V6cb4MgjvsQMCdE2jVBaCeKSYkbSXCcSJER4gHqkraiPPCKsZPJNCo+V0oVuwFX5Ek7U3xMJ8oSIPUd1jm8X895Y/M9rR9I9txLqh5EkPp4uciMGZQDH0cAu5QRLFiuCMKfqVoj7iCMsVYA5FYI5//IiaZxUTKNi3pzmq9ezOLLgAByCAjDBGaiCK1ADdYDBI3gGr+BNe9JetHftY9qa0WYz++APtM8fIKmaTA==</latexit><latexit sha1_base64="HNgNqqYMYqcP2ybOozhZ9FP0AGA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoSymJCLosiKC7CvYhbQiT6aQdOnkwM7GGND/gxl9x40IRt+7d+TdOHwttPXDhcM693HuPEzIqpGF8a5ml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj7zXvCBQ38WxmHxPJQz6cuxUgqydaPOh6SfcdJLlM7CQvDUasM74opDAuxXRo92KUyHBZtPW9UjAngIjFnJA9mqNn6V6cb4MgjvsQMCdE2jVBaCeKSYkbSXCcSJER4gHqkraiPPCKsZPJNCo+V0oVuwFX5Ek7U3xMJ8oSIPUd1jm8X895Y/M9rR9I9txLqh5EkPp4uciMGZQDH0cAu5QRLFiuCMKfqVoj7iCMsVYA5FYI5//IiaZxUTKNi3pzmq9ezOLLgAByCAjDBGaiCK1ADdYDBI3gGr+BNe9JetHftY9qa0WYz++APtM8fIKmaTA==</latexit><latexit sha1_base64="HNgNqqYMYqcP2ybOozhZ9FP0AGA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoSymJCLosiKC7CvYhbQiT6aQdOnkwM7GGND/gxl9x40IRt+7d+TdOHwttPXDhcM693HuPEzIqpGF8a5ml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj7zXvCBQ38WxmHxPJQz6cuxUgqydaPOh6SfcdJLlM7CQvDUasM74opDAuxXRo92KUyHBZtPW9UjAngIjFnJA9mqNn6V6cb4MgjvsQMCdE2jVBaCeKSYkbSXCcSJER4gHqkraiPPCKsZPJNCo+V0oVuwFX5Ek7U3xMJ8oSIPUd1jm8X895Y/M9rR9I9txLqh5EkPp4uciMGZQDH0cAu5QRLFiuCMKfqVoj7iCMsVYA5FYI5//IiaZxUTKNi3pzmq9ezOLLgAByCAjDBGaiCK1ADdYDBI3gGr+BNe9JetHftY9qa0WYz++APtM8fIKmaTA==</latexit>

Deterministic neural network Bayesian neural network

p(w)
<latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit>

10x⇤<latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit>
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Bayesian neural networks

Prediction 
on new  
object      :

Training:

Weights:

point 
estimate

Data
X,Y

<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit> w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

p(y⇤|x⇤, w)
<latexit sha1_base64="tUtWdRfaHwENoUb9nVU5oowj/SA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1CJlRgRdFtwIbirYB7TDkEkzbWgmMyaZahkL/gs3LhRx649x578xfSy09UDg45wbcnP8mDOlbfvbyiwtr6yuZddzG5tb2zv53b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvz+5ThvDKhULBK3ehhTN8RdwQJGsDaWGxeHXunxwSudoPtjL1+wy/ZEaBGcGRRgpqqX/2p3IpKEVGjCsVItx461m2KpGeF0lGsnisaY9HGXtgwKHFLlppOlR+jIOB0URNIcodHE/X0jxaFSw9A3kyHWPTWfjc3/slaigws3ZSJONBVk+lCQcKQjNG4AdZikRPOhAUwkM7si0sMSE216ypkSnPkvL0L9tOzYZefmrFC5fprWkYUDOIQiOHAOFbiCKtSAwB08wyu8WQPrxXq3PqajGWtW4T78kfX5A0ORkYg=</latexit><latexit sha1_base64="tUtWdRfaHwENoUb9nVU5oowj/SA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1CJlRgRdFtwIbirYB7TDkEkzbWgmMyaZahkL/gs3LhRx649x578xfSy09UDg45wbcnP8mDOlbfvbyiwtr6yuZddzG5tb2zv53b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvz+5ThvDKhULBK3ehhTN8RdwQJGsDaWGxeHXunxwSudoPtjL1+wy/ZEaBGcGRRgpqqX/2p3IpKEVGjCsVItx461m2KpGeF0lGsnisaY9HGXtgwKHFLlppOlR+jIOB0URNIcodHE/X0jxaFSw9A3kyHWPTWfjc3/slaigws3ZSJONBVk+lCQcKQjNG4AdZikRPOhAUwkM7si0sMSE216ypkSnPkvL0L9tOzYZefmrFC5fprWkYUDOIQiOHAOFbiCKtSAwB08wyu8WQPrxXq3PqajGWtW4T78kfX5A0ORkYg=</latexit><latexit sha1_base64="tUtWdRfaHwENoUb9nVU5oowj/SA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1CJlRgRdFtwIbirYB7TDkEkzbWgmMyaZahkL/gs3LhRx649x578xfSy09UDg45wbcnP8mDOlbfvbyiwtr6yuZddzG5tb2zv53b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvz+5ThvDKhULBK3ehhTN8RdwQJGsDaWGxeHXunxwSudoPtjL1+wy/ZEaBGcGRRgpqqX/2p3IpKEVGjCsVItx461m2KpGeF0lGsnisaY9HGXtgwKHFLlppOlR+jIOB0URNIcodHE/X0jxaFSw9A3kyHWPTWfjc3/slaigws3ZSJONBVk+lCQcKQjNG4AdZikRPOhAUwkM7si0sMSE216ypkSnPkvL0L9tOzYZefmrFC5fprWkYUDOIQiOHAOFbiCKtSAwB08wyu8WQPrxXq3PqajGWtW4T78kfX5A0ORkYg=</latexit><latexit sha1_base64="tUtWdRfaHwENoUb9nVU5oowj/SA=">AAAB9HicbZBLSwMxFIXv1Fetr6pLN8Ei1CJlRgRdFtwIbirYB7TDkEkzbWgmMyaZahkL/gs3LhRx649x578xfSy09UDg45wbcnP8mDOlbfvbyiwtr6yuZddzG5tb2zv53b26ihJJaI1EPJJNHyvKmaA1zTSnzVhSHPqcNvz+5ThvDKhULBK3ehhTN8RdwQJGsDaWGxeHXunxwSudoPtjL1+wy/ZEaBGcGRRgpqqX/2p3IpKEVGjCsVItx461m2KpGeF0lGsnisaY9HGXtgwKHFLlppOlR+jIOB0URNIcodHE/X0jxaFSw9A3kyHWPTWfjc3/slaigws3ZSJONBVk+lCQcKQjNG4AdZikRPOhAUwkM7si0sMSE216ypkSnPkvL0L9tOzYZefmrFC5fprWkYUDOIQiOHAOFbiCKtSAwB08wyu8WQPrxXq3PqajGWtW4T78kfX5A0ORkYg=</latexit>

Posterior
Data

Prior X,Y
<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit>

p(w|X,Y )
<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

Ep(w|X,Y )p(y⇤|x⇤, w)
<latexit sha1_base64="HNgNqqYMYqcP2ybOozhZ9FP0AGA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoSymJCLosiKC7CvYhbQiT6aQdOnkwM7GGND/gxl9x40IRt+7d+TdOHwttPXDhcM693HuPEzIqpGF8a5ml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj7zXvCBQ38WxmHxPJQz6cuxUgqydaPOh6SfcdJLlM7CQvDUasM74opDAuxXRo92KUyHBZtPW9UjAngIjFnJA9mqNn6V6cb4MgjvsQMCdE2jVBaCeKSYkbSXCcSJER4gHqkraiPPCKsZPJNCo+V0oVuwFX5Ek7U3xMJ8oSIPUd1jm8X895Y/M9rR9I9txLqh5EkPp4uciMGZQDH0cAu5QRLFiuCMKfqVoj7iCMsVYA5FYI5//IiaZxUTKNi3pzmq9ezOLLgAByCAjDBGaiCK1ADdYDBI3gGr+BNe9JetHftY9qa0WYz++APtM8fIKmaTA==</latexit><latexit sha1_base64="HNgNqqYMYqcP2ybOozhZ9FP0AGA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoSymJCLosiKC7CvYhbQiT6aQdOnkwM7GGND/gxl9x40IRt+7d+TdOHwttPXDhcM693HuPEzIqpGF8a5ml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj7zXvCBQ38WxmHxPJQz6cuxUgqydaPOh6SfcdJLlM7CQvDUasM74opDAuxXRo92KUyHBZtPW9UjAngIjFnJA9mqNn6V6cb4MgjvsQMCdE2jVBaCeKSYkbSXCcSJER4gHqkraiPPCKsZPJNCo+V0oVuwFX5Ek7U3xMJ8oSIPUd1jm8X895Y/M9rR9I9txLqh5EkPp4uciMGZQDH0cAu5QRLFiuCMKfqVoj7iCMsVYA5FYI5//IiaZxUTKNi3pzmq9ezOLLgAByCAjDBGaiCK1ADdYDBI3gGr+BNe9JetHftY9qa0WYz++APtM8fIKmaTA==</latexit><latexit sha1_base64="HNgNqqYMYqcP2ybOozhZ9FP0AGA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoSymJCLosiKC7CvYhbQiT6aQdOnkwM7GGND/gxl9x40IRt+7d+TdOHwttPXDhcM693HuPEzIqpGF8a5ml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj7zXvCBQ38WxmHxPJQz6cuxUgqydaPOh6SfcdJLlM7CQvDUasM74opDAuxXRo92KUyHBZtPW9UjAngIjFnJA9mqNn6V6cb4MgjvsQMCdE2jVBaCeKSYkbSXCcSJER4gHqkraiPPCKsZPJNCo+V0oVuwFX5Ek7U3xMJ8oSIPUd1jm8X895Y/M9rR9I9txLqh5EkPp4uciMGZQDH0cAu5QRLFiuCMKfqVoj7iCMsVYA5FYI5//IiaZxUTKNi3pzmq9ezOLLgAByCAjDBGaiCK1ADdYDBI3gGr+BNe9JetHftY9qa0WYz++APtM8fIKmaTA==</latexit><latexit sha1_base64="HNgNqqYMYqcP2ybOozhZ9FP0AGA=">AAACDXicbVDLSsNAFJ3UV62vqEs3g1VoSymJCLosiKC7CvYhbQiT6aQdOnkwM7GGND/gxl9x40IRt+7d+TdOHwttPXDhcM693HuPEzIqpGF8a5ml5ZXVtex6bmNza3tH391riCDimNRxwALecpAgjPqkLqlkpBVygjyHkaYzuBj7zXvCBQ38WxmHxPJQz6cuxUgqydaPOh6SfcdJLlM7CQvDUasM74opDAuxXRo92KUyHBZtPW9UjAngIjFnJA9mqNn6V6cb4MgjvsQMCdE2jVBaCeKSYkbSXCcSJER4gHqkraiPPCKsZPJNCo+V0oVuwFX5Ek7U3xMJ8oSIPUd1jm8X895Y/M9rR9I9txLqh5EkPp4uciMGZQDH0cAu5QRLFiuCMKfqVoj7iCMsVYA5FYI5//IiaZxUTKNi3pzmq9ezOLLgAByCAjDBGaiCK1ADdYDBI3gGr+BNe9JetHftY9qa0WYz++APtM8fIKmaTA==</latexit>

Deterministic neural network Bayesian neural network

p(w)
<latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit>

11x⇤<latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit>

deterministic 
 weights

stochastic  
weights
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wk ⇠ p(w|X,Y )
<latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit>

Prediction on a new object      :x⇤<latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit>

BNN as an ensemble of neural networks

12

Ep(w|X,Y )p(y⇤|x⇤, w) ⇡
1

K

KX

k=1

p(y⇤|x⇤, w
k),

<latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit>
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wk ⇠ p(w|X,Y )
<latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit>

Prediction on a new object      :x⇤<latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit>

BNN as an ensemble of neural networks

13

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

p(
w|
X
,Y
)

<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

w1
<latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit> ⇠ p(w|X,Y )

<latexit sha1_base64="Q5mTpiZDYXxT/4x2elWBdz2/gtk=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiVJAyI4IuC24ENxXsQ9qxZNJMG5pkhiRjKWPBn+HGhSJu/S/u/Demj4W2Hgh8nHNDbk4Qc6aN6347maXlldW17HpuY3Nreye/u1fTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvP6A1WaRfLWDGPqC9yVLGQEG2vdtzQTKC4OHhsn6O64nS+4JXcitAjeDAowU6Wd/2p1IpIIKg3hWOum58bGT7EyjHA6yrUSTWNM+rhLmxYlFlT76WTrETqyTgeFkbJHGjRxf99IsdB6KAI7KbDp6flsbP6XNRMTXvgpk3FiqCTTh8KEIxOhcQWowxQlhg8tYKKY3RWRHlaYGFtUzpbgzX95EWqnJc8teTdnhfL107SOLBzAIRTBg3MowxVUoAoEFDzDK7w5A+fFeXc+pqMZZ1bhPvyR8/kDHN2SBQ==</latexit><latexit sha1_base64="Q5mTpiZDYXxT/4x2elWBdz2/gtk=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiVJAyI4IuC24ENxXsQ9qxZNJMG5pkhiRjKWPBn+HGhSJu/S/u/Demj4W2Hgh8nHNDbk4Qc6aN6347maXlldW17HpuY3Nreye/u1fTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvP6A1WaRfLWDGPqC9yVLGQEG2vdtzQTKC4OHhsn6O64nS+4JXcitAjeDAowU6Wd/2p1IpIIKg3hWOum58bGT7EyjHA6yrUSTWNM+rhLmxYlFlT76WTrETqyTgeFkbJHGjRxf99IsdB6KAI7KbDp6flsbP6XNRMTXvgpk3FiqCTTh8KEIxOhcQWowxQlhg8tYKKY3RWRHlaYGFtUzpbgzX95EWqnJc8teTdnhfL107SOLBzAIRTBg3MowxVUoAoEFDzDK7w5A+fFeXc+pqMZZ1bhPvyR8/kDHN2SBQ==</latexit><latexit sha1_base64="Q5mTpiZDYXxT/4x2elWBdz2/gtk=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiVJAyI4IuC24ENxXsQ9qxZNJMG5pkhiRjKWPBn+HGhSJu/S/u/Demj4W2Hgh8nHNDbk4Qc6aN6347maXlldW17HpuY3Nreye/u1fTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvP6A1WaRfLWDGPqC9yVLGQEG2vdtzQTKC4OHhsn6O64nS+4JXcitAjeDAowU6Wd/2p1IpIIKg3hWOum58bGT7EyjHA6yrUSTWNM+rhLmxYlFlT76WTrETqyTgeFkbJHGjRxf99IsdB6KAI7KbDp6flsbP6XNRMTXvgpk3FiqCTTh8KEIxOhcQWowxQlhg8tYKKY3RWRHlaYGFtUzpbgzX95EWqnJc8teTdnhfL107SOLBzAIRTBg3MowxVUoAoEFDzDK7w5A+fFeXc+pqMZZ1bhPvyR8/kDHN2SBQ==</latexit><latexit sha1_base64="Q5mTpiZDYXxT/4x2elWBdz2/gtk=">AAAB9XicbZBLSwMxFIXv1Fetr6pLN8EiVJAyI4IuC24ENxXsQ9qxZNJMG5pkhiRjKWPBn+HGhSJu/S/u/Demj4W2Hgh8nHNDbk4Qc6aN6347maXlldW17HpuY3Nreye/u1fTUaIIrZKIR6oRYE05k7RqmOG0ESuKRcBpPehfjvP6A1WaRfLWDGPqC9yVLGQEG2vdtzQTKC4OHhsn6O64nS+4JXcitAjeDAowU6Wd/2p1IpIIKg3hWOum58bGT7EyjHA6yrUSTWNM+rhLmxYlFlT76WTrETqyTgeFkbJHGjRxf99IsdB6KAI7KbDp6flsbP6XNRMTXvgpk3FiqCTTh8KEIxOhcQWowxQlhg8tYKKY3RWRHlaYGFtUzpbgzX95EWqnJc8teTdnhfL107SOLBzAIRTBg3MowxVUoAoEFDzDK7w5A+fFeXc+pqMZZ1bhPvyR8/kDHN2SBQ==</latexit>

Ep(w|X,Y )p(y⇤|x⇤, w) ⇡
1

K

KX

k=1

p(y⇤|x⇤, w
k),

<latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit>
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wk ⇠ p(w|X,Y )
<latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit>

Prediction on a new object      :x⇤<latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit>

BNN as an ensemble of neural networks

14

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

p(
w|
X
,Y
)

<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

w1
<latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit> w2

<latexit sha1_base64="+pVN0cZUC1DHQi8d6uyfNxK6ZK0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BL4KXiOYByRpmJ7PJkNnZZaZXCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyilW4f7yvdYsktu1OQZeLNSQnmqHWLX51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JidW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwws+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjUrZc8vezVmpev00iyMPR3AMp+DBOVThCmpQBwZ9eIZXeHOk8+K8Ox+z1pwzj/AQ/sD5/AEy3o4o</latexit><latexit sha1_base64="+pVN0cZUC1DHQi8d6uyfNxK6ZK0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BL4KXiOYByRpmJ7PJkNnZZaZXCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyilW4f7yvdYsktu1OQZeLNSQnmqHWLX51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JidW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwws+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjUrZc8vezVmpev00iyMPR3AMp+DBOVThCmpQBwZ9eIZXeHOk8+K8Ox+z1pwzj/AQ/sD5/AEy3o4o</latexit><latexit sha1_base64="+pVN0cZUC1DHQi8d6uyfNxK6ZK0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BL4KXiOYByRpmJ7PJkNnZZaZXCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyilW4f7yvdYsktu1OQZeLNSQnmqHWLX51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JidW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwws+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjUrZc8vezVmpev00iyMPR3AMp+DBOVThCmpQBwZ9eIZXeHOk8+K8Ox+z1pwzj/AQ/sD5/AEy3o4o</latexit><latexit sha1_base64="+pVN0cZUC1DHQi8d6uyfNxK6ZK0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BL4KXiOYByRpmJ7PJkNnZZaZXCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyilW4f7yvdYsktu1OQZeLNSQnmqHWLX51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JidW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwws+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjUrZc8vezVmpev00iyMPR3AMp+DBOVThCmpQBwZ9eIZXeHOk8+K8Ox+z1pwzj/AQ/sD5/AEy3o4o</latexit>

w3
<latexit sha1_base64="fCKR7X8NbT1piqmxTDaAmEQh3bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF8FLRPOAZA2zk95kyOzsMjOrhCXgD3jxoIhXv8ibf+PkcdDEgoaiqpvuriARXBvX/XZyS8srq2v59cLG5tb2TnF3r67jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCweXYbzyg0jyWd2aYoB/RnuQhZ9RY6fbx/rRTLLlldwKySLwZKcEM1U7xq92NWRqhNExQrVuemxg/o8pwJnBUaKcaE8oGtIctSyWNUPvZ5NQRObJKl4SxsiUNmai/JzIaaT2MAtsZUdPX895Y/M9rpSa88DMuk9SgZNNFYSqIicn4b9LlCpkRQ0soU9zeSlifKsqMTadgQ/DmX14k9ZOy55a9m7NS5fppGkceDuAQjsGDc6jAFVShBgx68Ayv8OYI58V5dz6mrTlnFuE+/IHz+QM0Yo4p</latexit><latexit sha1_base64="fCKR7X8NbT1piqmxTDaAmEQh3bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF8FLRPOAZA2zk95kyOzsMjOrhCXgD3jxoIhXv8ibf+PkcdDEgoaiqpvuriARXBvX/XZyS8srq2v59cLG5tb2TnF3r67jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCweXYbzyg0jyWd2aYoB/RnuQhZ9RY6fbx/rRTLLlldwKySLwZKcEM1U7xq92NWRqhNExQrVuemxg/o8pwJnBUaKcaE8oGtIctSyWNUPvZ5NQRObJKl4SxsiUNmai/JzIaaT2MAtsZUdPX895Y/M9rpSa88DMuk9SgZNNFYSqIicn4b9LlCpkRQ0soU9zeSlifKsqMTadgQ/DmX14k9ZOy55a9m7NS5fppGkceDuAQjsGDc6jAFVShBgx68Ayv8OYI58V5dz6mrTlnFuE+/IHz+QM0Yo4p</latexit><latexit sha1_base64="fCKR7X8NbT1piqmxTDaAmEQh3bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF8FLRPOAZA2zk95kyOzsMjOrhCXgD3jxoIhXv8ibf+PkcdDEgoaiqpvuriARXBvX/XZyS8srq2v59cLG5tb2TnF3r67jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCweXYbzyg0jyWd2aYoB/RnuQhZ9RY6fbx/rRTLLlldwKySLwZKcEM1U7xq92NWRqhNExQrVuemxg/o8pwJnBUaKcaE8oGtIctSyWNUPvZ5NQRObJKl4SxsiUNmai/JzIaaT2MAtsZUdPX895Y/M9rpSa88DMuk9SgZNNFYSqIicn4b9LlCpkRQ0soU9zeSlifKsqMTadgQ/DmX14k9ZOy55a9m7NS5fppGkceDuAQjsGDc6jAFVShBgx68Ayv8OYI58V5dz6mrTlnFuE+/IHz+QM0Yo4p</latexit><latexit sha1_base64="fCKR7X8NbT1piqmxTDaAmEQh3bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF8FLRPOAZA2zk95kyOzsMjOrhCXgD3jxoIhXv8ibf+PkcdDEgoaiqpvuriARXBvX/XZyS8srq2v59cLG5tb2TnF3r67jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCweXYbzyg0jyWd2aYoB/RnuQhZ9RY6fbx/rRTLLlldwKySLwZKcEM1U7xq92NWRqhNExQrVuemxg/o8pwJnBUaKcaE8oGtIctSyWNUPvZ5NQRObJKl4SxsiUNmai/JzIaaT2MAtsZUdPX895Y/M9rpSa88DMuk9SgZNNFYSqIicn4b9LlCpkRQ0soU9zeSlifKsqMTadgQ/DmX14k9ZOy55a9m7NS5fppGkceDuAQjsGDc6jAFVShBgx68Ayv8OYI58V5dz6mrTlnFuE+/IHz+QM0Yo4p</latexit>

Ep(w|X,Y )p(y⇤|x⇤, w) ⇡
1

K

KX

k=1

p(y⇤|x⇤, w
k),

<latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit>
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wk ⇠ p(w|X,Y )
<latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit>

Prediction on a new object      :x⇤<latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit>

BNN as an ensemble of neural networks
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w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

p(
w|
X
,Y
)

<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

w1
<latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit><latexit sha1_base64="KyW0exjZU47PPFTaFAdyLujAN1c=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI8BL4KXiOYByRpmJ73JkNnZZWZWCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEiuDau++3kVlbX1jfym4Wt7Z3dveL+QUPHqWJYZ7GIVSugGgWXWDfcCGwlCmkUCGwGw8uJ33xApXks78woQT+ifclDzqix0u3jvdctltyyOwVZJt6clGCOWrf41enFLI1QGiao1m3PTYyfUWU4EzgudFKNCWVD2se2pZJGqP1seuqYnFilR8JY2ZKGTNXfExmNtB5Fge2MqBnoRW8i/ue1UxNe+BmXSWpQstmiMBXExGTyN+lxhcyIkSWUKW5vJWxAFWXGplOwIXiLLy+TxlnZc8vezXmpev00iyMPR3AMp+BBBapwBTWoA4M+PMMrvDnCeXHenY9Za86ZR3gIf+B8/gAxWo4n</latexit> w2

<latexit sha1_base64="+pVN0cZUC1DHQi8d6uyfNxK6ZK0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BL4KXiOYByRpmJ7PJkNnZZaZXCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyilW4f7yvdYsktu1OQZeLNSQnmqHWLX51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JidW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwws+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjUrZc8vezVmpev00iyMPR3AMp+DBOVThCmpQBwZ9eIZXeHOk8+K8Ox+z1pwzj/AQ/sD5/AEy3o4o</latexit><latexit sha1_base64="+pVN0cZUC1DHQi8d6uyfNxK6ZK0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BL4KXiOYByRpmJ7PJkNnZZaZXCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyilW4f7yvdYsktu1OQZeLNSQnmqHWLX51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JidW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwws+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjUrZc8vezVmpev00iyMPR3AMp+DBOVThCmpQBwZ9eIZXeHOk8+K8Ox+z1pwzj/AQ/sD5/AEy3o4o</latexit><latexit sha1_base64="+pVN0cZUC1DHQi8d6uyfNxK6ZK0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BL4KXiOYByRpmJ7PJkNnZZaZXCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyilW4f7yvdYsktu1OQZeLNSQnmqHWLX51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JidW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwws+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjUrZc8vezVmpev00iyMPR3AMp+DBOVThCmpQBwZ9eIZXeHOk8+K8Ox+z1pwzj/AQ/sD5/AEy3o4o</latexit><latexit sha1_base64="+pVN0cZUC1DHQi8d6uyfNxK6ZK0=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGQY8BL4KXiOYByRpmJ7PJkNnZZaZXCUvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXUEihUHX/XZyK6tr6xv5zcLW9s7uXnH/oGHiVDNeZ7GMdSughkuheB0FSt5KNKdRIHkzGF5O/OYD10bE6g5HCfcj2lciFIyilW4f7yvdYsktu1OQZeLNSQnmqHWLX51ezNKIK2SSGtP23AT9jGoUTPJxoZManlA2pH3etlTRiBs/m546JidW6ZEw1rYUkqn6eyKjkTGjKLCdEcWBWfQm4n9eO8Xwws+ESlLkis0WhakkGJPJ36QnNGcoR5ZQpoW9lbAB1ZShTadgQ/AWX14mjUrZc8vezVmpev00iyMPR3AMp+DBOVThCmpQBwZ9eIZXeHOk8+K8Ox+z1pwzj/AQ/sD5/AEy3o4o</latexit>

w3
<latexit sha1_base64="fCKR7X8NbT1piqmxTDaAmEQh3bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF8FLRPOAZA2zk95kyOzsMjOrhCXgD3jxoIhXv8ibf+PkcdDEgoaiqpvuriARXBvX/XZyS8srq2v59cLG5tb2TnF3r67jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCweXYbzyg0jyWd2aYoB/RnuQhZ9RY6fbx/rRTLLlldwKySLwZKcEM1U7xq92NWRqhNExQrVuemxg/o8pwJnBUaKcaE8oGtIctSyWNUPvZ5NQRObJKl4SxsiUNmai/JzIaaT2MAtsZUdPX895Y/M9rpSa88DMuk9SgZNNFYSqIicn4b9LlCpkRQ0soU9zeSlifKsqMTadgQ/DmX14k9ZOy55a9m7NS5fppGkceDuAQjsGDc6jAFVShBgx68Ayv8OYI58V5dz6mrTlnFuE+/IHz+QM0Yo4p</latexit><latexit sha1_base64="fCKR7X8NbT1piqmxTDaAmEQh3bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF8FLRPOAZA2zk95kyOzsMjOrhCXgD3jxoIhXv8ibf+PkcdDEgoaiqpvuriARXBvX/XZyS8srq2v59cLG5tb2TnF3r67jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCweXYbzyg0jyWd2aYoB/RnuQhZ9RY6fbx/rRTLLlldwKySLwZKcEM1U7xq92NWRqhNExQrVuemxg/o8pwJnBUaKcaE8oGtIctSyWNUPvZ5NQRObJKl4SxsiUNmai/JzIaaT2MAtsZUdPX895Y/M9rpSa88DMuk9SgZNNFYSqIicn4b9LlCpkRQ0soU9zeSlifKsqMTadgQ/DmX14k9ZOy55a9m7NS5fppGkceDuAQjsGDc6jAFVShBgx68Ayv8OYI58V5dz6mrTlnFuE+/IHz+QM0Yo4p</latexit><latexit sha1_base64="fCKR7X8NbT1piqmxTDaAmEQh3bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF8FLRPOAZA2zk95kyOzsMjOrhCXgD3jxoIhXv8ibf+PkcdDEgoaiqpvuriARXBvX/XZyS8srq2v59cLG5tb2TnF3r67jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCweXYbzyg0jyWd2aYoB/RnuQhZ9RY6fbx/rRTLLlldwKySLwZKcEM1U7xq92NWRqhNExQrVuemxg/o8pwJnBUaKcaE8oGtIctSyWNUPvZ5NQRObJKl4SxsiUNmai/JzIaaT2MAtsZUdPX895Y/M9rpSa88DMuk9SgZNNFYSqIicn4b9LlCpkRQ0soU9zeSlifKsqMTadgQ/DmX14k9ZOy55a9m7NS5fppGkceDuAQjsGDc6jAFVShBgx68Ayv8OYI58V5dz6mrTlnFuE+/IHz+QM0Yo4p</latexit><latexit sha1_base64="fCKR7X8NbT1piqmxTDaAmEQh3bw=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyqoMeAF8FLRPOAZA2zk95kyOzsMjOrhCXgD3jxoIhXv8ibf+PkcdDEgoaiqpvuriARXBvX/XZyS8srq2v59cLG5tb2TnF3r67jVDGssVjEqhlQjYJLrBluBDYThTQKBDaCweXYbzyg0jyWd2aYoB/RnuQhZ9RY6fbx/rRTLLlldwKySLwZKcEM1U7xq92NWRqhNExQrVuemxg/o8pwJnBUaKcaE8oGtIctSyWNUPvZ5NQRObJKl4SxsiUNmai/JzIaaT2MAtsZUdPX895Y/M9rpSa88DMuk9SgZNNFYSqIicn4b9LlCpkRQ0soU9zeSlifKsqMTadgQ/DmX14k9ZOy55a9m7NS5fppGkceDuAQjsGDc6jAFVShBgx68Ayv8OYI58V5dz6mrTlnFuE+/IHz+QM0Yo4p</latexit>

average net’s output 
across several weight 

samples

Ep(w|X,Y )p(y⇤|x⇤, w) ⇡
1

K

KX

k=1

p(y⇤|x⇤, w
k),

<latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit>
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input
x

<latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit><latexit sha1_base64="uhB4kFk+RhOQuj1KpTcO3P0B4pc=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N0TwxGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcO/Y2F</latexit>

w
1 ⇠ p(w

|X,
Y )

<latexit sha1_base64="BT8bimoWdPtb6KNrdybPgvy1nIw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvDeRW3FBIpLw6fmCbo77thFp+xMgRaJm5EiZKh27K92NyKJoKEmHCvVcp1YeymWmhFOx/l2omiMyQD3aMvQEAuqvHR6+xgdGaWLgkiaCjWaqr8nUiyUGgnfdAqs+2rem4j/ea1EBxdeysI40TQks0VBwpGO0CQI1GWSEs1HhmAimbkVkT6WmGgTV96E4M6/vEjqp2XXKbs3Z8XKdRZHDg7gEErgwjlU4AqqUAMCj/AMr/Bmja0X6936mLUuWdnMPvyB9fkD0/aTBw==</latexit><latexit sha1_base64="BT8bimoWdPtb6KNrdybPgvy1nIw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvDeRW3FBIpLw6fmCbo77thFp+xMgRaJm5EiZKh27K92NyKJoKEmHCvVcp1YeymWmhFOx/l2omiMyQD3aMvQEAuqvHR6+xgdGaWLgkiaCjWaqr8nUiyUGgnfdAqs+2rem4j/ea1EBxdeysI40TQks0VBwpGO0CQI1GWSEs1HhmAimbkVkT6WmGgTV96E4M6/vEjqp2XXKbs3Z8XKdRZHDg7gEErgwjlU4AqqUAMCj/AMr/Bmja0X6936mLUuWdnMPvyB9fkD0/aTBw==</latexit><latexit sha1_base64="BT8bimoWdPtb6KNrdybPgvy1nIw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvDeRW3FBIpLw6fmCbo77thFp+xMgRaJm5EiZKh27K92NyKJoKEmHCvVcp1YeymWmhFOx/l2omiMyQD3aMvQEAuqvHR6+xgdGaWLgkiaCjWaqr8nUiyUGgnfdAqs+2rem4j/ea1EBxdeysI40TQks0VBwpGO0CQI1GWSEs1HhmAimbkVkT6WmGgTV96E4M6/vEjqp2XXKbs3Z8XKdRZHDg7gEErgwjlU4AqqUAMCj/AMr/Bmja0X6936mLUuWdnMPvyB9fkD0/aTBw==</latexit><latexit sha1_base64="BT8bimoWdPtb6KNrdybPgvy1nIw=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvDeRW3FBIpLw6fmCbo77thFp+xMgRaJm5EiZKh27K92NyKJoKEmHCvVcp1YeymWmhFOx/l2omiMyQD3aMvQEAuqvHR6+xgdGaWLgkiaCjWaqr8nUiyUGgnfdAqs+2rem4j/ea1EBxdeysI40TQks0VBwpGO0CQI1GWSEs1HhmAimbkVkT6WmGgTV96E4M6/vEjqp2XXKbs3Z8XKdRZHDg7gEErgwjlU4AqqUAMCj/AMr/Bmja0X6936mLUuWdnMPvyB9fkD0/aTBw==</latexit>

w 3
⇠ p(w|X,Y )

<latexit sha1_base64="EOJyn7LFOiQegI/TYerIW8Yl+yA=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSmJCnosePEkFeyHtLFsttt26WYTdjfWEvtXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/iTGnH+bYyS8srq2vZ9dzG5tb2jr2br6kwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH1xO/PoDlYqF4laPIuoFuCdYlxGsjdS288P7U9RSLEBRcfjUOEZ3R2274JScKdAicVNSgBSVtv3V6oQkDqjQhGOlmq4TaS/BUjPC6TjXihWNMBngHm0aKnBAlZdMbx+jQ6N0UDeUpoRGU/X3RIIDpUaBbzoDrPtq3puI/3nNWHcvvISJKNZUkNmibsyRDtEkCNRhkhLNR4ZgIpm5FZE+lphoE1fOhODOv7xIaicl1ym5N2eF8nUaRxb24QCK4MI5lOEKKlAFAo/wDK/wZo2tF+vd+pi1Zqx0Zg/+wPr8Adcckwk=</latexit><latexit sha1_base64="EOJyn7LFOiQegI/TYerIW8Yl+yA=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSmJCnosePEkFeyHtLFsttt26WYTdjfWEvtXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/iTGnH+bYyS8srq2vZ9dzG5tb2jr2br6kwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH1xO/PoDlYqF4laPIuoFuCdYlxGsjdS288P7U9RSLEBRcfjUOEZ3R2274JScKdAicVNSgBSVtv3V6oQkDqjQhGOlmq4TaS/BUjPC6TjXihWNMBngHm0aKnBAlZdMbx+jQ6N0UDeUpoRGU/X3RIIDpUaBbzoDrPtq3puI/3nNWHcvvISJKNZUkNmibsyRDtEkCNRhkhLNR4ZgIpm5FZE+lphoE1fOhODOv7xIaicl1ym5N2eF8nUaRxb24QCK4MI5lOEKKlAFAo/wDK/wZo2tF+vd+pi1Zqx0Zg/+wPr8Adcckwk=</latexit><latexit sha1_base64="EOJyn7LFOiQegI/TYerIW8Yl+yA=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSmJCnosePEkFeyHtLFsttt26WYTdjfWEvtXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/iTGnH+bYyS8srq2vZ9dzG5tb2jr2br6kwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH1xO/PoDlYqF4laPIuoFuCdYlxGsjdS288P7U9RSLEBRcfjUOEZ3R2274JScKdAicVNSgBSVtv3V6oQkDqjQhGOlmq4TaS/BUjPC6TjXihWNMBngHm0aKnBAlZdMbx+jQ6N0UDeUpoRGU/X3RIIDpUaBbzoDrPtq3puI/3nNWHcvvISJKNZUkNmibsyRDtEkCNRhkhLNR4ZgIpm5FZE+lphoE1fOhODOv7xIaicl1ym5N2eF8nUaRxb24QCK4MI5lOEKKlAFAo/wDK/wZo2tF+vd+pi1Zqx0Zg/+wPr8Adcckwk=</latexit><latexit sha1_base64="EOJyn7LFOiQegI/TYerIW8Yl+yA=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSmJCnosePEkFeyHtLFsttt26WYTdjfWEvtXvHhQxKt/xJv/xm2bg7Y+GHi8N8PMPD/iTGnH+bYyS8srq2vZ9dzG5tb2jr2br6kwloRWSchD2fCxopwJWtVMc9qIJMWBz2ndH1xO/PoDlYqF4laPIuoFuCdYlxGsjdS288P7U9RSLEBRcfjUOEZ3R2274JScKdAicVNSgBSVtv3V6oQkDqjQhGOlmq4TaS/BUjPC6TjXihWNMBngHm0aKnBAlZdMbx+jQ6N0UDeUpoRGU/X3RIIDpUaBbzoDrPtq3puI/3nNWHcvvISJKNZUkNmibsyRDtEkCNRhkhLNR4ZgIpm5FZE+lphoE1fOhODOv7xIaicl1ym5N2eF8nUaRxb24QCK4MI5lOEKKlAFAo/wDK/wZo2tF+vd+pi1Zqx0Zg/+wPr8Adcckwk=</latexit>

w2 ⇠ p(w|X,Y )
<latexit sha1_base64="dFMPHY74gAyDb16xefy9eRVW3uU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJEfRY8OJJKtgPaWPZbDft0t0k7G6spfavePGgiFf/iDf/jds2B219MPB4b4aZeX7MmdKO821lVlbX1jeym7mt7Z3dPXs/X1dRIgmtkYhHsuljRTkLaU0zzWkzlhQLn9OGP7ic+o0HKhWLwls9iqkncC9kASNYG6lj54f3ZdRWTKC4OHxqnqK7k45dcErODGiZuCkpQIpqx/5qdyOSCBpqwrFSLdeJtTfGUjPC6STXThSNMRngHm0ZGmJBlTee3T5Bx0bpoiCSpkKNZurviTEWSo2EbzoF1n216E3F/7xWooMLb8zCONE0JPNFQcKRjtA0CNRlkhLNR4ZgIpm5FZE+lphoE1fOhOAuvrxM6uWS65Tcm7NC5TqNIwuHcARFcOEcKnAFVagBgUd4hld4sybWi/VufcxbM1Y6cwB/YH3+ANWJkwg=</latexit><latexit sha1_base64="dFMPHY74gAyDb16xefy9eRVW3uU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJEfRY8OJJKtgPaWPZbDft0t0k7G6spfavePGgiFf/iDf/jds2B219MPB4b4aZeX7MmdKO821lVlbX1jeym7mt7Z3dPXs/X1dRIgmtkYhHsuljRTkLaU0zzWkzlhQLn9OGP7ic+o0HKhWLwls9iqkncC9kASNYG6lj54f3ZdRWTKC4OHxqnqK7k45dcErODGiZuCkpQIpqx/5qdyOSCBpqwrFSLdeJtTfGUjPC6STXThSNMRngHm0ZGmJBlTee3T5Bx0bpoiCSpkKNZurviTEWSo2EbzoF1n216E3F/7xWooMLb8zCONE0JPNFQcKRjtA0CNRlkhLNR4ZgIpm5FZE+lphoE1fOhOAuvrxM6uWS65Tcm7NC5TqNIwuHcARFcOEcKnAFVagBgUd4hld4sybWi/VufcxbM1Y6cwB/YH3+ANWJkwg=</latexit><latexit sha1_base64="dFMPHY74gAyDb16xefy9eRVW3uU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJEfRY8OJJKtgPaWPZbDft0t0k7G6spfavePGgiFf/iDf/jds2B219MPB4b4aZeX7MmdKO821lVlbX1jeym7mt7Z3dPXs/X1dRIgmtkYhHsuljRTkLaU0zzWkzlhQLn9OGP7ic+o0HKhWLwls9iqkncC9kASNYG6lj54f3ZdRWTKC4OHxqnqK7k45dcErODGiZuCkpQIpqx/5qdyOSCBpqwrFSLdeJtTfGUjPC6STXThSNMRngHm0ZGmJBlTee3T5Bx0bpoiCSpkKNZurviTEWSo2EbzoF1n216E3F/7xWooMLb8zCONE0JPNFQcKRjtA0CNRlkhLNR4ZgIpm5FZE+lphoE1fOhOAuvrxM6uWS65Tcm7NC5TqNIwuHcARFcOEcKnAFVagBgUd4hld4sybWi/VufcxbM1Y6cwB/YH3+ANWJkwg=</latexit><latexit sha1_base64="dFMPHY74gAyDb16xefy9eRVW3uU=">AAAB+3icbVBNS8NAEJ3Ur1q/Yj16WSxCBSlJEfRY8OJJKtgPaWPZbDft0t0k7G6spfavePGgiFf/iDf/jds2B219MPB4b4aZeX7MmdKO821lVlbX1jeym7mt7Z3dPXs/X1dRIgmtkYhHsuljRTkLaU0zzWkzlhQLn9OGP7ic+o0HKhWLwls9iqkncC9kASNYG6lj54f3ZdRWTKC4OHxqnqK7k45dcErODGiZuCkpQIpqx/5qdyOSCBpqwrFSLdeJtTfGUjPC6STXThSNMRngHm0ZGmJBlTee3T5Bx0bpoiCSpkKNZurviTEWSo2EbzoF1n216E3F/7xWooMLb8zCONE0JPNFQcKRjtA0CNRlkhLNR4ZgIpm5FZE+lphoE1fOhOAuvrxM6uWS65Tcm7NC5TqNIwuHcARFcOEcKnAFVagBgUd4hld4sybWi/VufcxbM1Y6cwB/YH3+ANWJkwg=</latexit>
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K

KX

k=1
<latexit sha1_base64="0gyWEhkZ7RtD/+1285f2GhBIhWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWJCLoRCm6EglSwD+iMQybNtKFJZkgyQhm78FfcuFDErb/hzr8xfSy09cCFwzn3cu89UcqZNp737RSWlldW14rrpY3Nre0dd3evqZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0uBr7rQeqNEvknRmmNBC4J1nMCDZWCt0DP1aYQARr0NeZCPPBJRrd10K37FW8CeAiQTNSBjPUQ/fL7yYkE1QawrHWHeSlJsixMoxwOir5maYpJgPcox1LJRZUB/nk/hE8tkoXxomyJQ2cqL8nciy0HorIdgps+nreG4v/eZ3MxBdBzmSaGSrJdFGccWgSOA4DdpmixPChJZgoZm+FpI9tIMZGVrIhoPmXF0nztIK8Cro9K1dvZnEUwSE4AicAgXNQBdegDhqAgEfwDF7Bm/PkvDjvzse0teDMZvbBHzifPyvplPE=</latexit><latexit sha1_base64="0gyWEhkZ7RtD/+1285f2GhBIhWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWJCLoRCm6EglSwD+iMQybNtKFJZkgyQhm78FfcuFDErb/hzr8xfSy09cCFwzn3cu89UcqZNp737RSWlldW14rrpY3Nre0dd3evqZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0uBr7rQeqNEvknRmmNBC4J1nMCDZWCt0DP1aYQARr0NeZCPPBJRrd10K37FW8CeAiQTNSBjPUQ/fL7yYkE1QawrHWHeSlJsixMoxwOir5maYpJgPcox1LJRZUB/nk/hE8tkoXxomyJQ2cqL8nciy0HorIdgps+nreG4v/eZ3MxBdBzmSaGSrJdFGccWgSOA4DdpmixPChJZgoZm+FpI9tIMZGVrIhoPmXF0nztIK8Cro9K1dvZnEUwSE4AicAgXNQBdegDhqAgEfwDF7Bm/PkvDjvzse0teDMZvbBHzifPyvplPE=</latexit><latexit sha1_base64="0gyWEhkZ7RtD/+1285f2GhBIhWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWJCLoRCm6EglSwD+iMQybNtKFJZkgyQhm78FfcuFDErb/hzr8xfSy09cCFwzn3cu89UcqZNp737RSWlldW14rrpY3Nre0dd3evqZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0uBr7rQeqNEvknRmmNBC4J1nMCDZWCt0DP1aYQARr0NeZCPPBJRrd10K37FW8CeAiQTNSBjPUQ/fL7yYkE1QawrHWHeSlJsixMoxwOir5maYpJgPcox1LJRZUB/nk/hE8tkoXxomyJQ2cqL8nciy0HorIdgps+nreG4v/eZ3MxBdBzmSaGSrJdFGccWgSOA4DdpmixPChJZgoZm+FpI9tIMZGVrIhoPmXF0nztIK8Cro9K1dvZnEUwSE4AicAgXNQBdegDhqAgEfwDF7Bm/PkvDjvzse0teDMZvbBHzifPyvplPE=</latexit><latexit sha1_base64="0gyWEhkZ7RtD/+1285f2GhBIhWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWJCLoRCm6EglSwD+iMQybNtKFJZkgyQhm78FfcuFDErb/hzr8xfSy09cCFwzn3cu89UcqZNp737RSWlldW14rrpY3Nre0dd3evqZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0uBr7rQeqNEvknRmmNBC4J1nMCDZWCt0DP1aYQARr0NeZCPPBJRrd10K37FW8CeAiQTNSBjPUQ/fL7yYkE1QawrHWHeSlJsixMoxwOir5maYpJgPcox1LJRZUB/nk/hE8tkoXxomyJQ2cqL8nciy0HorIdgps+nreG4v/eZ3MxBdBzmSaGSrJdFGccWgSOA4DdpmixPChJZgoZm+FpI9tIMZGVrIhoPmXF0nztIK8Cro9K1dvZnEUwSE4AicAgXNQBdegDhqAgEfwDF7Bm/PkvDjvzse0teDMZvbBHzifPyvplPE=</latexit>

BNN as an ensemble of neural networks

p(y = “cat”|x)
<latexit sha1_base64="+zW+TzVNb4Ugdmg1pVJ5ZZ5y0LY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dhBahbsqMCLoRCm4ENxXsA9qhzaSZNjSTGZNMcRgL/oUbF4q49WPc+Temj4W2Hrhwcs695N7jRZwpbdvfVmZldW19I7uZ29re2d3L7x/UVRhLQmsk5KFselhRzgStaaY5bUaS4sDjtOENryZ+Y0SlYqG400lE3QD3BfMZwdpIblRKLrtd8yg8Ppx08kW7bE+BlokzJ0WYo9rJf7V7IYkDKjThWKmWY0faTbHUjHA6zrVjRSNMhrhPW4YKHFDlptOlx+jYKD3kh9KU0Giq/p5IcaBUEnimM8B6oBa9ifif14q1f+GmTESxpoLMPvJjjnSIJgmgHpOUaJ4YgolkZldEBlhiok1OOROCs3jyMqmflh277NyeFSs3T7M4snAEBSiBA+dQgWuoQg0I3MMzvMKbNbJerHfrY9aaseYRHsIfWJ8/CbGSCg==</latexit><latexit sha1_base64="+zW+TzVNb4Ugdmg1pVJ5ZZ5y0LY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dhBahbsqMCLoRCm4ENxXsA9qhzaSZNjSTGZNMcRgL/oUbF4q49WPc+Temj4W2Hrhwcs695N7jRZwpbdvfVmZldW19I7uZ29re2d3L7x/UVRhLQmsk5KFselhRzgStaaY5bUaS4sDjtOENryZ+Y0SlYqG400lE3QD3BfMZwdpIblRKLrtd8yg8Ppx08kW7bE+BlokzJ0WYo9rJf7V7IYkDKjThWKmWY0faTbHUjHA6zrVjRSNMhrhPW4YKHFDlptOlx+jYKD3kh9KU0Giq/p5IcaBUEnimM8B6oBa9ifif14q1f+GmTESxpoLMPvJjjnSIJgmgHpOUaJ4YgolkZldEBlhiok1OOROCs3jyMqmflh277NyeFSs3T7M4snAEBSiBA+dQgWuoQg0I3MMzvMKbNbJerHfrY9aaseYRHsIfWJ8/CbGSCg==</latexit><latexit sha1_base64="+zW+TzVNb4Ugdmg1pVJ5ZZ5y0LY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dhBahbsqMCLoRCm4ENxXsA9qhzaSZNjSTGZNMcRgL/oUbF4q49WPc+Temj4W2Hrhwcs695N7jRZwpbdvfVmZldW19I7uZ29re2d3L7x/UVRhLQmsk5KFselhRzgStaaY5bUaS4sDjtOENryZ+Y0SlYqG400lE3QD3BfMZwdpIblRKLrtd8yg8Ppx08kW7bE+BlokzJ0WYo9rJf7V7IYkDKjThWKmWY0faTbHUjHA6zrVjRSNMhrhPW4YKHFDlptOlx+jYKD3kh9KU0Giq/p5IcaBUEnimM8B6oBa9ifif14q1f+GmTESxpoLMPvJjjnSIJgmgHpOUaJ4YgolkZldEBlhiok1OOROCs3jyMqmflh277NyeFSs3T7M4snAEBSiBA+dQgWuoQg0I3MMzvMKbNbJerHfrY9aaseYRHsIfWJ8/CbGSCg==</latexit><latexit sha1_base64="+zW+TzVNb4Ugdmg1pVJ5ZZ5y0LY=">AAAB9HicbVDLSgMxFL1TX7W+qi7dhBahbsqMCLoRCm4ENxXsA9qhzaSZNjSTGZNMcRgL/oUbF4q49WPc+Temj4W2Hrhwcs695N7jRZwpbdvfVmZldW19I7uZ29re2d3L7x/UVRhLQmsk5KFselhRzgStaaY5bUaS4sDjtOENryZ+Y0SlYqG400lE3QD3BfMZwdpIblRKLrtd8yg8Ppx08kW7bE+BlokzJ0WYo9rJf7V7IYkDKjThWKmWY0faTbHUjHA6zrVjRSNMhrhPW4YKHFDlptOlx+jYKD3kh9KU0Giq/p5IcaBUEnimM8B6oBa9ifif14q1f+GmTESxpoLMPvJjjnSIJgmgHpOUaJ4YgolkZldEBlhiok1OOROCs3jyMqmflh277NyeFSs3T7M4snAEBSiBA+dQgWuoQg0I3MMzvMKbNbJerHfrY9aaseYRHsIfWJ8/CbGSCg==</latexit>
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• Higher quality  (models compensate each other’s errors) 
• Better uncertainty estimation

wk ⇠ p(w|X,Y )
<latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit><latexit sha1_base64="htCNbaP/AADXDU5uCjCEG/SPhQQ=">AAAB+3icbVBNS8NAEJ34WetXrEcvi0WoICURQY8FL56kgv2QNpbNdtMu3U3C7sZaYv+KFw+KePWPePPfuG1z0NYHA4/3ZpiZ58ecKe0439bS8srq2npuI7+5tb2za+8V6ipKJKE1EvFINn2sKGchrWmmOW3GkmLhc9rwB5cTv/FApWJReKtHMfUE7oUsYARrI3XswvB+gNqKCRSXhk/NE3R33LGLTtmZAi0SNyNFyFDt2F/tbkQSQUNNOFaq5Tqx9lIsNSOcjvPtRNEYkwHu0ZahIRZUeen09jE6MkoXBZE0FWo0VX9PpFgoNRK+6RRY99W8NxH/81qJDi68lIVxomlIZouChCMdoUkQqMskJZqPDMFEMnMrIn0sMdEmrrwJwZ1/eZHUT8uuU3ZvzoqV6yyOHBzAIZTAhXOowBVUoQYEHuEZXuHNGlsv1rv1MWtdsrKZffgD6/MHL1OTQQ==</latexit>

Prediction on a new object      :x⇤<latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit><latexit sha1_base64="0MpEdxwP6TX/ZGJMsJVSBtmIlYQ=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoMgHsKuBPQY8CJ4iWgekCxhdjKbDJmdXWZ6xbAE/AEvHhTx6hd582+cPA6aWNBQVHXT3RUkUhh03W8nt7K6tr6R3yxsbe/s7hX3DxomTjXjdRbLWLcCargUitdRoOStRHMaBZI3g+HVxG8+cG1ErO5xlHA/on0lQsEoWunusXvWLZbcsjsFWSbenJRgjlq3+NXpxSyNuEImqTFtz03Qz6hGwSQfFzqp4QllQ9rnbUsVjbjxs+mpY3JilR4JY21LIZmqvycyGhkzigLbGVEcmEVvIv7ntVMML/1MqCRFrthsUZhKgjGZ/E16QnOGcmQJZVrYWwkbUE0Z2nQKNgRv8eVl0jgve27Zu62UqjdPszjycATHcAoeXEAVrqEGdWDQh2d4hTdHOi/Ou/Mxa8058wgP4Q+czx8pyY4i</latexit>

BNN as an ensemble of neural networks

17

Ep(w|X,Y )p(y⇤|x⇤, w) ⇡
1

K

KX

k=1

p(y⇤|x⇤, w
k),

<latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit><latexit sha1_base64="Ow/sWx35Rr8UPX0u3jt95fGPTlg="></latexit>

http://deepbayes.ru/2018
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A principled framework with many useful applications 
• Regularization 
• Ensembling 
• Uncertainty estimation 
• On-line / continual learning 
• Automatic hyperparameter choice 
• Different prior ⇒ different properties of the network

Why go Bayesian?

Slide From Dmitry Molchanov’s presentation, deepbayes.ru/2018
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<latexit sha1_base64="0gyWEhkZ7RtD/+1285f2GhBIhWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWJCLoRCm6EglSwD+iMQybNtKFJZkgyQhm78FfcuFDErb/hzr8xfSy09cCFwzn3cu89UcqZNp737RSWlldW14rrpY3Nre0dd3evqZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0uBr7rQeqNEvknRmmNBC4J1nMCDZWCt0DP1aYQARr0NeZCPPBJRrd10K37FW8CeAiQTNSBjPUQ/fL7yYkE1QawrHWHeSlJsixMoxwOir5maYpJgPcox1LJRZUB/nk/hE8tkoXxomyJQ2cqL8nciy0HorIdgps+nreG4v/eZ3MxBdBzmSaGSrJdFGccWgSOA4DdpmixPChJZgoZm+FpI9tIMZGVrIhoPmXF0nztIK8Cro9K1dvZnEUwSE4AicAgXNQBdegDhqAgEfwDF7Bm/PkvDjvzse0teDMZvbBHzifPyvplPE=</latexit><latexit sha1_base64="0gyWEhkZ7RtD/+1285f2GhBIhWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWJCLoRCm6EglSwD+iMQybNtKFJZkgyQhm78FfcuFDErb/hzr8xfSy09cCFwzn3cu89UcqZNp737RSWlldW14rrpY3Nre0dd3evqZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0uBr7rQeqNEvknRmmNBC4J1nMCDZWCt0DP1aYQARr0NeZCPPBJRrd10K37FW8CeAiQTNSBjPUQ/fL7yYkE1QawrHWHeSlJsixMoxwOir5maYpJgPcox1LJRZUB/nk/hE8tkoXxomyJQ2cqL8nciy0HorIdgps+nreG4v/eZ3MxBdBzmSaGSrJdFGccWgSOA4DdpmixPChJZgoZm+FpI9tIMZGVrIhoPmXF0nztIK8Cro9K1dvZnEUwSE4AicAgXNQBdegDhqAgEfwDF7Bm/PkvDjvzse0teDMZvbBHzifPyvplPE=</latexit><latexit sha1_base64="0gyWEhkZ7RtD/+1285f2GhBIhWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWJCLoRCm6EglSwD+iMQybNtKFJZkgyQhm78FfcuFDErb/hzr8xfSy09cCFwzn3cu89UcqZNp737RSWlldW14rrpY3Nre0dd3evqZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0uBr7rQeqNEvknRmmNBC4J1nMCDZWCt0DP1aYQARr0NeZCPPBJRrd10K37FW8CeAiQTNSBjPUQ/fL7yYkE1QawrHWHeSlJsixMoxwOir5maYpJgPcox1LJRZUB/nk/hE8tkoXxomyJQ2cqL8nciy0HorIdgps+nreG4v/eZ3MxBdBzmSaGSrJdFGccWgSOA4DdpmixPChJZgoZm+FpI9tIMZGVrIhoPmXF0nztIK8Cro9K1dvZnEUwSE4AicAgXNQBdegDhqAgEfwDF7Bm/PkvDjvzse0teDMZvbBHzifPyvplPE=</latexit><latexit sha1_base64="0gyWEhkZ7RtD/+1285f2GhBIhWE=">AAAB/3icbVDLSgMxFM3UV62vUcGNm2ARXJWJCLoRCm6EglSwD+iMQybNtKFJZkgyQhm78FfcuFDErb/hzr8xfSy09cCFwzn3cu89UcqZNp737RSWlldW14rrpY3Nre0dd3evqZNMEdogCU9UO8KaciZpwzDDaTtVFIuI01Y0uBr7rQeqNEvknRmmNBC4J1nMCDZWCt0DP1aYQARr0NeZCPPBJRrd10K37FW8CeAiQTNSBjPUQ/fL7yYkE1QawrHWHeSlJsixMoxwOir5maYpJgPcox1LJRZUB/nk/hE8tkoXxomyJQ2cqL8nciy0HorIdgps+nreG4v/eZ3MxBdBzmSaGSrJdFGccWgSOA4DdpmixPChJZgoZm+FpI9tIMZGVrIhoPmXF0nztIK8Cro9K1dvZnEUwSE4AicAgXNQBdegDhqAgEfwDF7Bm/PkvDjvzse0teDMZvbBHzifPyvplPE=</latexit>
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Accuracy quickly 
saturates

Ensembling: accuracy

21Slide From Dmitry Molchanov’s presentation, deepbayes.ru/2018

# neural networks in ensemble
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But the negative 
log—likelihood 

keeps improving! 
This is a measure 
of “uncertainty”

Ensembling: uncertainty estimation

22Slide From Dmitry Molchanov’s presentation, deepbayes.ru/2018

# neural networks in ensemble
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A principled framework with many useful applications 
• Regularization 
• Ensembling 
• Uncertainty estimation 
• On-line / continual learning 
• Automatic hyperparameter choice 
• Different prior ⇒ different properties of the network

Why go Bayesian?

Slide From Dmitry Molchanov’s presentation, deepbayes.ru/2018
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On-line / continual learning

Task 1:  
cats vs dogs

Task 2:  
pigs vs frogs 

Prior 1 Posterior 1

Prior 2 Posterior 2

Prior 3
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Prior concentrated at zero

Weight matrix W

A lot of zero weights

Prior can encode our desirable model properties
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Plan

• Advantages of using Bayesian neural networks 

• Training Bayesian neural networks 

• First example: binary dropout 

• Second example: Bayesian sparsification

26
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Stochastic weights:

Prior Posterior
Data

Bayesian Inference:

p(w)
<latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit>

p(w|X,Y )
<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

p(w|X,Y ) =
p(Y |X,w)p(w)R
p(Y |X, w̃)p(w̃)dw̃

<latexit sha1_base64="fuM0JHNA5RcafiItI2WLPF1ifhk="></latexit><latexit sha1_base64="fuM0JHNA5RcafiItI2WLPF1ifhk="></latexit><latexit sha1_base64="fuM0JHNA5RcafiItI2WLPF1ifhk="></latexit><latexit sha1_base64="fuM0JHNA5RcafiItI2WLPF1ifhk="></latexit>

Training Bayesian neural networks

X,Y
<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit>

27
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Stochastic weights:

Prior Posterior
Data

Bayesian Inference:

p(w)
<latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit>

p(w|X,Y )
<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

p(w|X,Y ) =
p(Y |X,w)p(w)R
p(Y |X, w̃)p(w̃)dw̃

<latexit sha1_base64="fuM0JHNA5RcafiItI2WLPF1ifhk="></latexit><latexit sha1_base64="fuM0JHNA5RcafiItI2WLPF1ifhk="></latexit><latexit sha1_base64="fuM0JHNA5RcafiItI2WLPF1ifhk="></latexit><latexit sha1_base64="fuM0JHNA5RcafiItI2WLPF1ifhk="></latexit>

Training Bayesian neural networks

X,Y
<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit>
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Intractable!
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Training Bayesian neural networks
PD

F

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

True multimodal 
posterior 

distribution
p(w|X,Y )

<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>
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Training Bayesian neural networks
PD

F

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

True multimodal 
posterior 

distribution
p(w|X,Y )

<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

Approximate
posterior

distribution
q(w|�)

<latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit>
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w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

True multimodal 
posterior 

distribution
p(w|X,Y )

<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

Approximate
posterior

distribution
q(w|�)

<latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit>
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PD

F

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

True multimodal 
posterior 

distribution
p(w|X,Y )

<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

Approximate
posterior

distribution
q(w|�)

<latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit>

KL(q(w|�)||p(w|X,Y )) ! min
�

<latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit>

“distance” 
between two 
distributions
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Prior Posterior
Data

Posterior is intractable in neural networks          approximate it with             : 

Bayesian Inference:

p(w)
<latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit>

q(w|�)
<latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit>

X,Y
<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit>

p(w|X,Y )
<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

Training Bayesian neural networks

33

Stochastic weights:

KL(q(w|�)||p(w|X,Y )) ! min
�

<latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit>
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Prior Posterior
Data

Posterior is intractable in neural networks          approximate it with             : 

Bayesian Inference:

p(w)
<latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit>

q(w|�)
<latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit>

X,Y
<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit>

p(w|X,Y )
<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

Training Bayesian neural networks

34

Stochastic weights:

KL(q(w|�)||p(w|X,Y )) ! min
�

<latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit><latexit sha1_base64="SFz+VNaf+fmWlG6YlpE1mGOk/+s="></latexit>

Intractable!
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Data term Regularizer 

Equivalently, we can optimize ELBO to find approximate posterior             :

Prior Posterior
Data

Bayesian Inference:

p(w)
<latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit><latexit sha1_base64="UpfQk7yO2MI4i5y6XBX+KK3H3tE=">AAAB63icbVBNSwMxEJ34WetX1aOXYBHqpeyKoMeCF8FLBfsB7VKyabYNTbJLklXKUvAXePGgiFf/kDf/jdm2B219MPB4b4aZeWEiuLGe941WVtfWNzYLW8Xtnd29/dLBYdPEqaasQWMR63ZIDBNcsYblVrB2ohmRoWCtcHSd+60Hpg2P1b0dJyyQZKB4xCmxuZRUHs96pbJX9abAy8SfkzLMUe+Vvrr9mKaSKUsFMabje4kNMqItp4JNit3UsITQERmwjqOKSGaCbHrrBJ86pY+jWLtSFk/V3xMZkcaMZeg6JbFDs+jl4n9eJ7XRVZBxlaSWKTpbFKUC2xjnj+M+14xaMXaEUM3drZgOiSbUuniKLgR/8eVl0jyv+l7Vv7so126fZnEU4BhOoAI+XEINbqAODaAwhGd4hTck0Qt6Rx+z1hU0j/AI/gB9/gCi1Y5j</latexit>

q(w|�)
<latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit><latexit sha1_base64="z93h5tzpINZTKL2yY0rybQoq2aA=">AAAB83icbVDLSgMxFL3xWeur6tJNsAh1U2ZE0GXBjeCmgn1AZyiZTKYNzWTGJKOUseBXuHGhiFt/xp1/Y/pYaOuBC4dzziU3J0gF18ZxvtHS8srq2npho7i5tb2zW9rbb+okU5Q1aCIS1Q6IZoJL1jDcCNZOFSNxIFgrGFyO/dY9U5on8tYMU+bHpCd5xCkxVvLuKg+PnrDxkJx0S2Wn6kyAF4k7I2WYod4tfXlhQrOYSUMF0brjOqnxc6IMp4KNil6mWUrogPRYx1JJYqb9fHLzCB9bJcRRouxIgyfq742cxFoP48AmY2L6et4bi/95ncxEF37OZZoZJun0oSgT2CR4XAAOuWLUiKElhCpub8W0TxShxtZUtCW4819eJM3TqutU3Zuzcu36aVpHAQ7hCCrgwjnU4Arq0AAKKTzDK7yhDL2gd/QxjS6hWYUH8Afo8wfF9pHt</latexit>

NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>

X,Y
<latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit><latexit sha1_base64="1K+M6WaQewUF76rqmoDmL9vpBLA=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgQcKuCHoMeBG8RDAPSZYwO5lNhsxjmZkVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6KEM2N9/9srrKyurW8UN0tb2zu7e+X9g6ZRqSa0QRRXuh1hQzmTtGGZ5bSdaIpFxGkrGl3nfuuRasOUvLfjhIYCDySLGcE2l9pn6KFXrvhVfwq0TII5qcAc9V75q9tXJBVUWsKxMZ3AT2yYYW0Z4XRS6qaGJpiM8IB2HJVYUBNm01sn6MQpfRQr7UpaNFV/T2RYGDMWkesU2A7NopeL/3md1MZXYcZkkloqyWxRnHJkFcofR32mKbF87AgmmrlbERlijYl18ZRcCMHiy8ukeV4N/Gpwd1Gp3T7N4ijCERzDKQRwCTW4gTo0gMAQnuEV3jzhvXjv3sesteDNIzyEP/A+fwBI0o4o</latexit>

p(w|X,Y )
<latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit><latexit sha1_base64="jG4CO3n1VKQ8N98zcSIAsHYKju0=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoMQQcJuEPQY8CJ4iWBeJEuYncwmQ2Zml5lZJawB/8GLB0W8+jne/Bsnj4MmFjQUVd10dwUxZ9q47reTWVldW9/Ibua2tnd29/L7B3UdJYrQGol4pJoB1pQzSWuGGU6bsaJYBJw2guHVxG/cU6VZJO/MKKa+wH3JQkawsVIrLj48Ns9Q67SbL7gldwq0TLw5KcAc1W7+q9OLSCKoNIRjrdueGxs/xcowwuk410k0jTEZ4j5tWyqxoNpPpweP0YlVeiiMlC1p0FT9PZFiofVIBLZTYDPQi95E/M9rJya89FMm48RQSWaLwoQjE6HJ96jHFCWGjyzBRDF7KyIDrDAxNqOcDcFbfHmZ1Mslzy15t+eFys3TLI4sHMExFMGDC6jANVShBgQEPMMrvDnKeXHenY9Za8aZR3gIf+B8/gChQJAO</latexit>

Training Bayesian neural networks

35

Stochastic weights:
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Doubly stochastic variational inference

Regularizer

36

How to estimate the data term?

Data term 
???

NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>
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Doubly stochastic variational inference

37

sample mini-batch 
of the training objects  sample weights from          q

<latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit>

RegularizerData term 

NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>

How to estimate the data term?
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mX

j=1

log p(y

ij |xij
, ŵj),

<latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit>

sample mini-batch 
of the training objects  sample weights from          

Data term

NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>

Regularizer

ŵj ⇠ q(w|�)
<latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit>

q
<latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit>

ij ⇠ Unif(1, . . . , N)
<latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit>

How to estimate the data term?
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q
<latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit>

How to differentiate?

mX

j=1

log p(y

ij |xij
, ŵj),

<latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit>

sample mini-batch 
of the training objects  sample weights from          

NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>

q
<latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit>

�?
<latexit sha1_base64="VV3NLkyprb7XytgfegPNDnFUOg4=">AAACBHicbVDLSgNBEJz1GeMr6jGXwSB4Crsi6M2AF8FLBPOAZAmzk04yZHZ2mekVw7KgF3/FiwdFvPoR3vwbJ4+DJhY0FFXd09MVxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQwvx37jDrQRkbrFUQx+yPpK9ARnaKVOodhGuMfJO2kgE8hS2pZ2vMsusk6h5JbdCegi8WakRGaodgpf7W7EkxAUcsmMaXlujH7KNAouIcu3EwMx40PWh5alioVg/HSyPKNHVunSXqRtKaQT9fdEykJjRmFgO0OGAzPvjcX/vFaCvXM/FSpOEBSfLuolkmJEx4nQrtDAUY4sYVwL+1fKB0wzjja3vA3Bmz95kdRPyp5b9m5OS5Xrh2kcOVIkh+SYeOSMVMgVqZIa4eSRPJNX8uY8OS/Ou/MxbV1yZhEekD9wPn8AwUeZNg==</latexit><latexit sha1_base64="VV3NLkyprb7XytgfegPNDnFUOg4=">AAACBHicbVDLSgNBEJz1GeMr6jGXwSB4Crsi6M2AF8FLBPOAZAmzk04yZHZ2mekVw7KgF3/FiwdFvPoR3vwbJ4+DJhY0FFXd09MVxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQwvx37jDrQRkbrFUQx+yPpK9ARnaKVOodhGuMfJO2kgE8hS2pZ2vMsusk6h5JbdCegi8WakRGaodgpf7W7EkxAUcsmMaXlujH7KNAouIcu3EwMx40PWh5alioVg/HSyPKNHVunSXqRtKaQT9fdEykJjRmFgO0OGAzPvjcX/vFaCvXM/FSpOEBSfLuolkmJEx4nQrtDAUY4sYVwL+1fKB0wzjja3vA3Bmz95kdRPyp5b9m5OS5Xrh2kcOVIkh+SYeOSMVMgVqZIa4eSRPJNX8uY8OS/Ou/MxbV1yZhEekD9wPn8AwUeZNg==</latexit><latexit sha1_base64="VV3NLkyprb7XytgfegPNDnFUOg4=">AAACBHicbVDLSgNBEJz1GeMr6jGXwSB4Crsi6M2AF8FLBPOAZAmzk04yZHZ2mekVw7KgF3/FiwdFvPoR3vwbJ4+DJhY0FFXd09MVxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQwvx37jDrQRkbrFUQx+yPpK9ARnaKVOodhGuMfJO2kgE8hS2pZ2vMsusk6h5JbdCegi8WakRGaodgpf7W7EkxAUcsmMaXlujH7KNAouIcu3EwMx40PWh5alioVg/HSyPKNHVunSXqRtKaQT9fdEykJjRmFgO0OGAzPvjcX/vFaCvXM/FSpOEBSfLuolkmJEx4nQrtDAUY4sYVwL+1fKB0wzjja3vA3Bmz95kdRPyp5b9m5OS5Xrh2kcOVIkh+SYeOSMVMgVqZIa4eSRPJNX8uY8OS/Ou/MxbV1yZhEekD9wPn8AwUeZNg==</latexit><latexit sha1_base64="VV3NLkyprb7XytgfegPNDnFUOg4=">AAACBHicbVDLSgNBEJz1GeMr6jGXwSB4Crsi6M2AF8FLBPOAZAmzk04yZHZ2mekVw7KgF3/FiwdFvPoR3vwbJ4+DJhY0FFXd09MVxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQwvx37jDrQRkbrFUQx+yPpK9ARnaKVOodhGuMfJO2kgE8hS2pZ2vMsusk6h5JbdCegi8WakRGaodgpf7W7EkxAUcsmMaXlujH7KNAouIcu3EwMx40PWh5alioVg/HSyPKNHVunSXqRtKaQT9fdEykJjRmFgO0OGAzPvjcX/vFaCvXM/FSpOEBSfLuolkmJEx4nQrtDAUY4sYVwL+1fKB0wzjja3vA3Bmz95kdRPyp5b9m5OS5Xrh2kcOVIkh+SYeOSMVMgVqZIa4eSRPJNX8uY8OS/Ou/MxbV1yZhEekD9wPn8AwUeZNg==</latexit>

ij ⇠ Unif(1, . . . , N)
<latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit>

ŵj ⇠ q(w|�)
<latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit>

How to estimate the data term?
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q
<latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit>

mX

j=1

log p(y

ij |xij
, ŵj),

<latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit><latexit sha1_base64="xeTCvDQ8KfvErgT1l7qYU8lBOUw="></latexit>

sample mini-batch 
of the training objects  sample weights from          

NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>

q
<latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit>

@

@�
?

<latexit sha1_base64="TeOwybgGUpcUAXvOYu3jo9Cran4=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjNS0J0FN4KbCvYBnVIy6Z02NPMguSOWYcDvcOOvuHGhiAs34t+YPhBtPRA4nHNzcnO8WAqNtv1l5ZaWV1bX8uuFjc2t7Z3i7l5DR4niUOeRjFTLYxqkCKGOAiW0YgUs8CQ0veHF2G/egtIiCm9wFEMnYP1Q+IIzNFK3WHER7nCSk3oygSx1fcV46sZMoWAy+2HUlSa2x7LzrFss2WV7ArpInBkpkRlq3eKH24t4EkCIXDKt244dYycdB3MJWcFNNMSMD1kf2oaGLADdSSdbZfTIKD3qR8qcEOlE/X0jZYHWo8AzkwHDgZ73xuJ/XjtB/6yTijBOEEI+fchPJMWIjquiPaGAoxwZwrgSZlfKB8y0g6bQginBmf/yImmclB277FxXStWr+2kdeXJADskxccgpqZJLUiN1wskDeSIv5NV6tJ6tN+t9OpqzZhXukz+wPr8B44akqg==</latexit><latexit sha1_base64="TeOwybgGUpcUAXvOYu3jo9Cran4=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjNS0J0FN4KbCvYBnVIy6Z02NPMguSOWYcDvcOOvuHGhiAs34t+YPhBtPRA4nHNzcnO8WAqNtv1l5ZaWV1bX8uuFjc2t7Z3i7l5DR4niUOeRjFTLYxqkCKGOAiW0YgUs8CQ0veHF2G/egtIiCm9wFEMnYP1Q+IIzNFK3WHER7nCSk3oygSx1fcV46sZMoWAy+2HUlSa2x7LzrFss2WV7ArpInBkpkRlq3eKH24t4EkCIXDKt244dYycdB3MJWcFNNMSMD1kf2oaGLADdSSdbZfTIKD3qR8qcEOlE/X0jZYHWo8AzkwHDgZ73xuJ/XjtB/6yTijBOEEI+fchPJMWIjquiPaGAoxwZwrgSZlfKB8y0g6bQginBmf/yImmclB277FxXStWr+2kdeXJADskxccgpqZJLUiN1wskDeSIv5NV6tJ6tN+t9OpqzZhXukz+wPr8B44akqg==</latexit><latexit sha1_base64="TeOwybgGUpcUAXvOYu3jo9Cran4=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjNS0J0FN4KbCvYBnVIy6Z02NPMguSOWYcDvcOOvuHGhiAs34t+YPhBtPRA4nHNzcnO8WAqNtv1l5ZaWV1bX8uuFjc2t7Z3i7l5DR4niUOeRjFTLYxqkCKGOAiW0YgUs8CQ0veHF2G/egtIiCm9wFEMnYP1Q+IIzNFK3WHER7nCSk3oygSx1fcV46sZMoWAy+2HUlSa2x7LzrFss2WV7ArpInBkpkRlq3eKH24t4EkCIXDKt244dYycdB3MJWcFNNMSMD1kf2oaGLADdSSdbZfTIKD3qR8qcEOlE/X0jZYHWo8AzkwHDgZ73xuJ/XjtB/6yTijBOEEI+fchPJMWIjquiPaGAoxwZwrgSZlfKB8y0g6bQginBmf/yImmclB277FxXStWr+2kdeXJADskxccgpqZJLUiN1wskDeSIv5NV6tJ6tN+t9OpqzZhXukz+wPr8B44akqg==</latexit><latexit sha1_base64="TeOwybgGUpcUAXvOYu3jo9Cran4=">AAACHXicbVDLSgMxFM3UV62vqks3wSK4KjNS0J0FN4KbCvYBnVIy6Z02NPMguSOWYcDvcOOvuHGhiAs34t+YPhBtPRA4nHNzcnO8WAqNtv1l5ZaWV1bX8uuFjc2t7Z3i7l5DR4niUOeRjFTLYxqkCKGOAiW0YgUs8CQ0veHF2G/egtIiCm9wFEMnYP1Q+IIzNFK3WHER7nCSk3oygSx1fcV46sZMoWAy+2HUlSa2x7LzrFss2WV7ArpInBkpkRlq3eKH24t4EkCIXDKt244dYycdB3MJWcFNNMSMD1kf2oaGLADdSSdbZfTIKD3qR8qcEOlE/X0jZYHWo8AzkwHDgZ73xuJ/XjtB/6yTijBOEEI+fchPJMWIjquiPaGAoxwZwrgSZlfKB8y0g6bQginBmf/yImmclB277FxXStWr+2kdeXJADskxccgpqZJLUiN1wskDeSIv5NV6tJ6tN+t9OpqzZhXukz+wPr8B44akqg==</latexit>

How to differentiate?�?
<latexit sha1_base64="VV3NLkyprb7XytgfegPNDnFUOg4=">AAACBHicbVDLSgNBEJz1GeMr6jGXwSB4Crsi6M2AF8FLBPOAZAmzk04yZHZ2mekVw7KgF3/FiwdFvPoR3vwbJ4+DJhY0FFXd09MVxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQwvx37jDrQRkbrFUQx+yPpK9ARnaKVOodhGuMfJO2kgE8hS2pZ2vMsusk6h5JbdCegi8WakRGaodgpf7W7EkxAUcsmMaXlujH7KNAouIcu3EwMx40PWh5alioVg/HSyPKNHVunSXqRtKaQT9fdEykJjRmFgO0OGAzPvjcX/vFaCvXM/FSpOEBSfLuolkmJEx4nQrtDAUY4sYVwL+1fKB0wzjja3vA3Bmz95kdRPyp5b9m5OS5Xrh2kcOVIkh+SYeOSMVMgVqZIa4eSRPJNX8uY8OS/Ou/MxbV1yZhEekD9wPn8AwUeZNg==</latexit><latexit sha1_base64="VV3NLkyprb7XytgfegPNDnFUOg4=">AAACBHicbVDLSgNBEJz1GeMr6jGXwSB4Crsi6M2AF8FLBPOAZAmzk04yZHZ2mekVw7KgF3/FiwdFvPoR3vwbJ4+DJhY0FFXd09MVxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQwvx37jDrQRkbrFUQx+yPpK9ARnaKVOodhGuMfJO2kgE8hS2pZ2vMsusk6h5JbdCegi8WakRGaodgpf7W7EkxAUcsmMaXlujH7KNAouIcu3EwMx40PWh5alioVg/HSyPKNHVunSXqRtKaQT9fdEykJjRmFgO0OGAzPvjcX/vFaCvXM/FSpOEBSfLuolkmJEx4nQrtDAUY4sYVwL+1fKB0wzjja3vA3Bmz95kdRPyp5b9m5OS5Xrh2kcOVIkh+SYeOSMVMgVqZIa4eSRPJNX8uY8OS/Ou/MxbV1yZhEekD9wPn8AwUeZNg==</latexit><latexit sha1_base64="VV3NLkyprb7XytgfegPNDnFUOg4=">AAACBHicbVDLSgNBEJz1GeMr6jGXwSB4Crsi6M2AF8FLBPOAZAmzk04yZHZ2mekVw7KgF3/FiwdFvPoR3vwbJ4+DJhY0FFXd09MVxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQwvx37jDrQRkbrFUQx+yPpK9ARnaKVOodhGuMfJO2kgE8hS2pZ2vMsusk6h5JbdCegi8WakRGaodgpf7W7EkxAUcsmMaXlujH7KNAouIcu3EwMx40PWh5alioVg/HSyPKNHVunSXqRtKaQT9fdEykJjRmFgO0OGAzPvjcX/vFaCvXM/FSpOEBSfLuolkmJEx4nQrtDAUY4sYVwL+1fKB0wzjja3vA3Bmz95kdRPyp5b9m5OS5Xrh2kcOVIkh+SYeOSMVMgVqZIa4eSRPJNX8uY8OS/Ou/MxbV1yZhEekD9wPn8AwUeZNg==</latexit><latexit sha1_base64="VV3NLkyprb7XytgfegPNDnFUOg4=">AAACBHicbVDLSgNBEJz1GeMr6jGXwSB4Crsi6M2AF8FLBPOAZAmzk04yZHZ2mekVw7KgF3/FiwdFvPoR3vwbJ4+DJhY0FFXd09MVxFIYdN1vZ2l5ZXVtPbeR39za3tkt7O3XTZRoDjUeyUg3A2ZACgU1FCihGWtgYSChEQwvx37jDrQRkbrFUQx+yPpK9ARnaKVOodhGuMfJO2kgE8hS2pZ2vMsusk6h5JbdCegi8WakRGaodgpf7W7EkxAUcsmMaXlujH7KNAouIcu3EwMx40PWh5alioVg/HSyPKNHVunSXqRtKaQT9fdEykJjRmFgO0OGAzPvjcX/vFaCvXM/FSpOEBSfLuolkmJEx4nQrtDAUY4sYVwL+1fKB0wzjja3vA3Bmz95kdRPyp5b9m5OS5Xrh2kcOVIkh+SYeOSMVMgVqZIa4eSRPJNX8uY8OS/Ou/MxbV1yZhEekD9wPn8AwUeZNg==</latexit>

ij ⇠ Unif(1, . . . , N)
<latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit>

ŵj ⇠ q(w|�)
<latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit><latexit sha1_base64="GJ+MH3e+y5t2DSH4CDHmB7Mpdr0=">AAACA3icbVDLSgMxFM3UV62vUXe6CRahbsqMCLosuBHcVLAP6JQhk8m0sUlmTDKWMha68VfcuFDErT/hzr8xfSy09cCFwzn3cu89QcKo0o7zbeWWlldW1/LrhY3Nre0de3evruJUYlLDMYtlM0CKMCpITVPNSDORBPGAkUbQuxz7jQciFY3FrR4kpM1RR9CIYqSN5NsHXhdp2PfvoKcoh/el/qPHzHiITny76JSdCeAicWekCGao+vaXF8Y45URozJBSLddJdDtDUlPMyLDgpYokCPdQh7QMFYgT1c4mPwzhsVFCGMXSlNBwov6eyBBXasAD08mR7qp5byz+57VSHV20MyqSVBOBp4uilEEdw3EgMKSSYM0GhiAsqbkV4i6SCGsTW8GE4M6/vEjqp2XXKbs3Z8XK9WgaRx4cgiNQAi44BxVwBaqgBjAYgWfwCt6sJ+vFerc+pq05axbhPvgD6/MHAbuXiA==</latexit>

How to estimate the data term?
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Gradient of expectation
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Not an expectation over 
anymore!

q
<latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit>

Most popular solution: reparametrization trick

Diederik P Kingma, Max Welling . Auto-Encoding Variational Bayes. ICLR 2013

@

@�

Eq(w|�) log p(y
i|xi

, w) =

@

@�

Z
q(w|�) log p(yi|xi

, w)dw =

<latexit sha1_base64="G7JR5p4YGbVmlxtfcvsumNZb6R0="></latexit><latexit sha1_base64="G7JR5p4YGbVmlxtfcvsumNZb6R0="></latexit><latexit sha1_base64="G7JR5p4YGbVmlxtfcvsumNZb6R0="></latexit><latexit sha1_base64="G7JR5p4YGbVmlxtfcvsumNZb6R0="></latexit>

=

Z ✓
@

@�

q(w|�)
◆
log p(y

i|xi
, w)dw

<latexit sha1_base64="yvBxLJq1BS6ZURrqJN8e/AvzoHU="></latexit><latexit sha1_base64="yvBxLJq1BS6ZURrqJN8e/AvzoHU="></latexit><latexit sha1_base64="yvBxLJq1BS6ZURrqJN8e/AvzoHU="></latexit><latexit sha1_base64="yvBxLJq1BS6ZURrqJN8e/AvzoHU="></latexit>
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Reparametrization trick

Diederik P Kingma, Max Welling . Auto-Encoding Variational Bayes. ICLR 2013

As an example, consider 1-dim normal approximate posterior:

� = {µ,�}
<latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit>

q(w|�) = N (µ,�2),
<latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit>
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Reparametrization trick
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As an example, consider 1-dim normal approximate posterior:

� = {µ,�}
<latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit>

q(w|�) = N (µ,�2),
<latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit>

w ⇠ N (µ,�2) , w = µ+ �✏, ✏ ⇠ N (0, 1)
<latexit sha1_base64="t4aVvm3/HK/hBLOWcqGgltC8n8A="></latexit><latexit sha1_base64="t4aVvm3/HK/hBLOWcqGgltC8n8A="></latexit><latexit sha1_base64="t4aVvm3/HK/hBLOWcqGgltC8n8A="></latexit><latexit sha1_base64="t4aVvm3/HK/hBLOWcqGgltC8n8A="></latexit>

Property of normal distribution:
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Reparametrization trick
As an example, consider 1-dim normal approximate posterior:

� = {µ,�}
<latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit><latexit sha1_base64="uEEdDRmYfqa7ezmXe6xMBfkkUX8=">AAACAnicbVDLSgMxFL3js9bXqCtxEyyCCykzIuhGKLgR3FSwD+gMJZNJ29AkMyQZoQxFF/6KGxeKuPUr3Pk3po+Fth64cDjnXJJ7opQzbTzv21lYXFpeWS2sFdc3Nre23Z3duk4yRWiNJDxRzQhrypmkNcMMp81UUSwiThtR/2rkN+6p0iyRd2aQ0lDgrmQdRrCxUtvdD7gNxxhdoiAPRHaCAs26AgfDtlvyyt4YaJ74U1KCKapt9yuIE5IJKg3hWOuW76UmzLEyjHA6LAaZpikmfdylLUslFlSH+fiEITqySow6ibIjDRqrvzdyLLQeiMgmBTY9PeuNxP+8VmY6F2HOZJoZKsnkoU7GkUnQqA8UM0WJ4QNLMFHM/hWRHlaYGNta0Zbgz548T+qnZd8r+7dnpcrN46SOAhzAIRyDD+dQgWuoQg0IPMAzvMKb8+S8OO/OxyS64Ewr3IM/cD5/ACeMlw8=</latexit>

q(w|�) = N (µ,�2),
<latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit><latexit sha1_base64="S+4uSKqxQVeTQ0FWhBq3NM1qX38=">AAACE3icbVDLSgNBEJz1GeMr6tHLYBASCWE3CHoRAl4EQSKYB2Rj6J1MkiEzu+vMrBLWgJ/gxV/x4kERr168+TdOHgdNLGgoqrrp7vJCzpS27W9rbn5hcWk5sZJcXVvf2ExtbVdUEElCyyTggax5oChnPi1rpjmthZKC8Diter3ToV+9pVKxwL/S/ZA2BHR81mYEtJGaqYObzN29y81AC7L4BLsCdJcAjy8GGVdEOewq1hFwXcjmmqm0nbdHwLPEmZA0mqDUTH25rYBEgvqacFCq7tihbsQgNSOcDpJupGgIpAcdWjfUB0FVIx79NMD7RmnhdiBN+RqP1N8TMQil+sIzncOT1bQ3FP/z6pFuHzdi5oeRpj4ZL2pHHOsADwPCLSYp0bxvCBDJzK2YdEEC0SbGpAnBmX55llQKecfOO5eH6eL5wziOBNpFeyiDHHSEiugMlVAZEfSIntErerOerBfr3foYt85Zkwh30B9Ynz/WF51H</latexit>

w ⇠ N (µ,�2) , w = µ+ �✏, ✏ ⇠ N (0, 1)
<latexit sha1_base64="t4aVvm3/HK/hBLOWcqGgltC8n8A="></latexit><latexit sha1_base64="t4aVvm3/HK/hBLOWcqGgltC8n8A="></latexit><latexit sha1_base64="t4aVvm3/HK/hBLOWcqGgltC8n8A="></latexit><latexit sha1_base64="t4aVvm3/HK/hBLOWcqGgltC8n8A="></latexit>

Property of normal distribution:

distribution conditioned 
on parameters

unconditioned
distribution

Diederik P Kingma, Max Welling . Auto-Encoding Variational Bayes. ICLR 2013 
Image inspired by https://jaan.io/what-is-variational-autoencoder-vae-tutorial/
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Reparametrization trick

µ
<latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit>

�
<latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit>

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

⇠ N (µ,�2)
<latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit>

w ⇠ N (µ,�2)
<latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit>

,
<latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit>

w = µ+ �✏, ✏ ⇠ N (0, 1)
<latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit>

Diederik P Kingma, Max Welling . Auto-Encoding Variational Bayes. ICLR 2013 
Image inspired by https://jaan.io/what-is-variational-autoencoder-vae-tutorial/
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Reparametrization trick

µ
<latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit>

�
<latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit>

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

⇠ N (µ,�2)
<latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit>

Gradients propagate 
through randomness

w ⇠ N (µ,�2)
<latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit>

,
<latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit>

w = µ+ �✏, ✏ ⇠ N (0, 1)
<latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit>

Diederik P Kingma, Max Welling . Auto-Encoding Variational Bayes. ICLR 2013 
Image inspired by https://jaan.io/what-is-variational-autoencoder-vae-tutorial/
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Reparametrization trick

µ
<latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit>

�
<latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit>

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

⇠ N (µ,�2)
<latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit>

Gradients propagate 
through randomness

µ
<latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit>

�
<latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit>

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

✏
<latexit sha1_base64="V8utEq2jJC29ztGCazFgIx5EBDk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF20psMmZ1ZZ2aFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFaWCG+v7397K6tr6xmZhq7i9s7u3Xzo4bBiVaYZ1poTSrYgaFFxi3XIrsJVqpEkksBkNryd+8xG14Ure21GKYUL7ksecUeukVgdTw4WS3VLZr/hTkGUSzEkZ5qh1S1+dnmJZgtIyQY1pB35qw5xqy5nAcbGTGUwpG9I+th2VNEET5tN7x+TUKT0SK+1KWjJVf0/kNDFmlESuM6F2YBa9ifif185sfBXmXKaZRclmi+JMEKvI5HnS4xqZFSNHKNPc3UrYgGrKrIuo6EIIFl9eJo3zSuBXgruLcvX2aRZHAY7hBM4ggEuowg3UoA4MBDzDK7x5D96L9+59zFpXvHmER/AH3ucPdYaQqQ==</latexit><latexit sha1_base64="V8utEq2jJC29ztGCazFgIx5EBDk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF20psMmZ1ZZ2aFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFaWCG+v7397K6tr6xmZhq7i9s7u3Xzo4bBiVaYZ1poTSrYgaFFxi3XIrsJVqpEkksBkNryd+8xG14Ure21GKYUL7ksecUeukVgdTw4WS3VLZr/hTkGUSzEkZ5qh1S1+dnmJZgtIyQY1pB35qw5xqy5nAcbGTGUwpG9I+th2VNEET5tN7x+TUKT0SK+1KWjJVf0/kNDFmlESuM6F2YBa9ifif185sfBXmXKaZRclmi+JMEKvI5HnS4xqZFSNHKNPc3UrYgGrKrIuo6EIIFl9eJo3zSuBXgruLcvX2aRZHAY7hBM4ggEuowg3UoA4MBDzDK7x5D96L9+59zFpXvHmER/AH3ucPdYaQqQ==</latexit><latexit sha1_base64="V8utEq2jJC29ztGCazFgIx5EBDk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF20psMmZ1ZZ2aFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFaWCG+v7397K6tr6xmZhq7i9s7u3Xzo4bBiVaYZ1poTSrYgaFFxi3XIrsJVqpEkksBkNryd+8xG14Ure21GKYUL7ksecUeukVgdTw4WS3VLZr/hTkGUSzEkZ5qh1S1+dnmJZgtIyQY1pB35qw5xqy5nAcbGTGUwpG9I+th2VNEET5tN7x+TUKT0SK+1KWjJVf0/kNDFmlESuM6F2YBa9ifif185sfBXmXKaZRclmi+JMEKvI5HnS4xqZFSNHKNPc3UrYgGrKrIuo6EIIFl9eJo3zSuBXgruLcvX2aRZHAY7hBM4ggEuowg3UoA4MBDzDK7x5D96L9+59zFpXvHmER/AH3ucPdYaQqQ==</latexit><latexit sha1_base64="V8utEq2jJC29ztGCazFgIx5EBDk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF20psMmZ1ZZ2aFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFaWCG+v7397K6tr6xmZhq7i9s7u3Xzo4bBiVaYZ1poTSrYgaFFxi3XIrsJVqpEkksBkNryd+8xG14Ure21GKYUL7ksecUeukVgdTw4WS3VLZr/hTkGUSzEkZ5qh1S1+dnmJZgtIyQY1pB35qw5xqy5nAcbGTGUwpG9I+th2VNEET5tN7x+TUKT0SK+1KWjJVf0/kNDFmlESuM6F2YBa9ifif185sfBXmXKaZRclmi+JMEKvI5HnS4xqZFSNHKNPc3UrYgGrKrIuo6EIIFl9eJo3zSuBXgruLcvX2aRZHAY7hBM4ggEuowg3UoA4MBDzDK7x5D96L9+59zFpXvHmER/AH3ucPdYaQqQ==</latexit>

⇠ N (0, 1)
<latexit sha1_base64="T8H8aCZMnYNp4ciq/5LA19shoqE=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEUGPBS+CIBXsBzShbLabduluEnY3QgkVwb/ixYMiXv0X3vw3btoetPpg4PHeDDPzgoQzpR3nyyosLC4trxRXS2vrG5tb9vZOU8WpJLRBYh7LdoAV5SyiDc00p+1EUiwCTlvB8CL3W3dUKhZHt3qUUF/gfsRCRrA2UtfeQ55iAnkC6wHBPLseV5xj5B6VunbZqToToL/EnZEyzFDv2p9eLyapoJEmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGNohAVVfjb5YIwOjdJDYSxNRRpN1J8TGRZKjURgOvNL1byXi/95nVSH537GoiTVNCLTRWHKkY5RHgfqMUmJ5iNDMJHM3IrIAEtMtAktD8Gdf/kvaZ5UXafq3pyWa1cP0ziKsA8HUAEXzqAGl1CHBhC4hyd4gVfr0Xq23qz3aWvBmkW4C79gfXwDwAKVjQ==</latexit><latexit sha1_base64="T8H8aCZMnYNp4ciq/5LA19shoqE=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEUGPBS+CIBXsBzShbLabduluEnY3QgkVwb/ixYMiXv0X3vw3btoetPpg4PHeDDPzgoQzpR3nyyosLC4trxRXS2vrG5tb9vZOU8WpJLRBYh7LdoAV5SyiDc00p+1EUiwCTlvB8CL3W3dUKhZHt3qUUF/gfsRCRrA2UtfeQ55iAnkC6wHBPLseV5xj5B6VunbZqToToL/EnZEyzFDv2p9eLyapoJEmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGNohAVVfjb5YIwOjdJDYSxNRRpN1J8TGRZKjURgOvNL1byXi/95nVSH537GoiTVNCLTRWHKkY5RHgfqMUmJ5iNDMJHM3IrIAEtMtAktD8Gdf/kvaZ5UXafq3pyWa1cP0ziKsA8HUAEXzqAGl1CHBhC4hyd4gVfr0Xq23qz3aWvBmkW4C79gfXwDwAKVjQ==</latexit><latexit sha1_base64="T8H8aCZMnYNp4ciq/5LA19shoqE=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEUGPBS+CIBXsBzShbLabduluEnY3QgkVwb/ixYMiXv0X3vw3btoetPpg4PHeDDPzgoQzpR3nyyosLC4trxRXS2vrG5tb9vZOU8WpJLRBYh7LdoAV5SyiDc00p+1EUiwCTlvB8CL3W3dUKhZHt3qUUF/gfsRCRrA2UtfeQ55iAnkC6wHBPLseV5xj5B6VunbZqToToL/EnZEyzFDv2p9eLyapoJEmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGNohAVVfjb5YIwOjdJDYSxNRRpN1J8TGRZKjURgOvNL1byXi/95nVSH537GoiTVNCLTRWHKkY5RHgfqMUmJ5iNDMJHM3IrIAEtMtAktD8Gdf/kvaZ5UXafq3pyWa1cP0ziKsA8HUAEXzqAGl1CHBhC4hyd4gVfr0Xq23qz3aWvBmkW4C79gfXwDwAKVjQ==</latexit><latexit sha1_base64="T8H8aCZMnYNp4ciq/5LA19shoqE=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEUGPBS+CIBXsBzShbLabduluEnY3QgkVwb/ixYMiXv0X3vw3btoetPpg4PHeDDPzgoQzpR3nyyosLC4trxRXS2vrG5tb9vZOU8WpJLRBYh7LdoAV5SyiDc00p+1EUiwCTlvB8CL3W3dUKhZHt3qUUF/gfsRCRrA2UtfeQ55iAnkC6wHBPLseV5xj5B6VunbZqToToL/EnZEyzFDv2p9eLyapoJEmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGNohAVVfjb5YIwOjdJDYSxNRRpN1J8TGRZKjURgOvNL1byXi/95nVSH537GoiTVNCLTRWHKkY5RHgfqMUmJ5iNDMJHM3IrIAEtMtAktD8Gdf/kvaZ5UXafq3pyWa1cP0ziKsA8HUAEXzqAGl1CHBhC4hyd4gVfr0Xq23qz3aWvBmkW4C79gfXwDwAKVjQ==</latexit>

w ⇠ N (µ,�2)
<latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit>

,
<latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit>

w = µ+ �✏, ✏ ⇠ N (0, 1)
<latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit>

Diederik P Kingma, Max Welling . Auto-Encoding Variational Bayes. ICLR 2013 
Image inspired by https://jaan.io/what-is-variational-autoencoder-vae-tutorial/
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Reparametrization trick

Diederik P Kingma, Max Welling . Auto-Encoding Variational Bayes. ICLR 2013 
Image inspired by https://jaan.io/what-is-variational-autoencoder-vae-tutorial/

µ
<latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit>

�
<latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit>

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

⇠ N (µ,�2)
<latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit><latexit sha1_base64="ADQ9YYP/gwSBRq3KTCBnu+RNqB4=">AAACCnicbVBNS8NAEJ3Ur1q/oh69rBahgpSkCHoseBEEqWA/oIlls922S3eTsLsRSih48+Jf8eJBEa/+Am/+GzdtD1p9MPB4b4aZeUHMmdKO82XlFhaXllfyq4W19Y3NLXt7p6GiRBJaJxGPZCvAinIW0rpmmtNWLCkWAafNYHie+c07KhWLwhs9iqkvcD9kPUawNlLH3keeYgJ5AusBwTy9Gpc8kRxnal/g28pRoWMXnbIzAfpL3Bkpwgy1jv3pdSOSCBpqwrFSbdeJtZ9iqRnhdFzwEkVjTIa4T9uGhlhQ5aeTV8bo0Chd1IukqVCjifpzIsVCqZEITGd2spr3MvE/r53o3pmfsjBONA3JdFEv4UhHKMsFdZmkRPORIZhIZm5FZIAlJtqkl4Xgzr/8lzQqZdcpu9cnxerl/TSOPOzBAZTAhVOowgXUoA4EHuAJXuDVerSerTfrfdqas2YR7sIvWB/fQsOZwQ==</latexit>

Gradients propagate 
through randomness

µ
<latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit><latexit sha1_base64="mtcPQy/GNn+C16WYrlwPFvXDrPs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLRBMDyRJmJ73JkJnZZWZWCEvAH/DiQRGvfpE3/8bJ46CJBQ1FVTfdXVEquLG+/+0VVlbX1jeKm6Wt7Z3dvfL+QdMkmWbYYIlIdCuiBgVX2LDcCmylGqmMBD5Ew6uJ//CI2vBE3dtRiqGkfcVjzqh10l1HZt1yxa/6U5BlEsxJBeaod8tfnV7CMonKMkGNaQd+asOcasuZwHGpkxlMKRvSPrYdVVSiCfPpqWNy4pQeiRPtSlkyVX9P5FQaM5KR65TUDsyiNxH/89qZjS/DnKs0s6jYbFGcCWITMvmb9LhGZsXIEco0d7cSNqCaMuvSKbkQgsWXl0nzrBr41eD2vFK7eZrFUYQjOIZTCOACanANdWgAgz48wyu8ecJ78d69j1lrwZtHeAh/4H3+AIYTjl8=</latexit>

�
<latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit><latexit sha1_base64="NDBjfPPURcRURRRF+QjmxDuTbeI=">AAAB7XicbVDJSgNBEK12jXGLevTSGARPYUYEPQa8CF4imAWSIfR0epI2vQzdPUIYAn6CFw+KePV/vPk3dpaDJj4oeLxXRVW9OBXcuiD4Riura+sbm4Wt4vbO7t5+6eCwYXVmKKtTLbRpxcQywRWrO+4Ea6WGERkL1oyH1xO/+ciM5Vrdu1HKIkn6iiecEuelRsfyviTdUjmoBFPgZRLOSRnmqHVLX52epplkylFBrG2HQeqinBjHqWDjYiezLCV0SPqs7akiktkon147xqde6eFEG1/K4an6eyIn0tqRjH2nJG5gF72J+J/XzlxyFeVcpZljis4WJZnATuPJ67jHDaNOjDwh1HB/K6YDYgh1PqCiDyFcfHmZNM4rYVAJ7y7K1dunWRwFOIYTOIMQLqEKN1CDOlB4gGd4hTek0Qt6Rx+z1hU0j/AI/gB9/gDFFI+s</latexit>

w
<latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit><latexit sha1_base64="aiWNXTU3S8vYWF+rnQU6RPYb+e0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxAcoS9zVyyZm/v2N1TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91gMqzWN5Z8YJ+hEdSB5yRo2V6o+9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDn3zovz7nzMW3POIsJj+APn8wcNeY2E</latexit>

✏
<latexit sha1_base64="V8utEq2jJC29ztGCazFgIx5EBDk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF20psMmZ1ZZ2aFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFaWCG+v7397K6tr6xmZhq7i9s7u3Xzo4bBiVaYZ1poTSrYgaFFxi3XIrsJVqpEkksBkNryd+8xG14Ure21GKYUL7ksecUeukVgdTw4WS3VLZr/hTkGUSzEkZ5qh1S1+dnmJZgtIyQY1pB35qw5xqy5nAcbGTGUwpG9I+th2VNEET5tN7x+TUKT0SK+1KWjJVf0/kNDFmlESuM6F2YBa9ifif185sfBXmXKaZRclmi+JMEKvI5HnS4xqZFSNHKNPc3UrYgGrKrIuo6EIIFl9eJo3zSuBXgruLcvX2aRZHAY7hBM4ggEuowg3UoA4MBDzDK7x5D96L9+59zFpXvHmER/AH3ucPdYaQqQ==</latexit><latexit sha1_base64="V8utEq2jJC29ztGCazFgIx5EBDk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF20psMmZ1ZZ2aFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFaWCG+v7397K6tr6xmZhq7i9s7u3Xzo4bBiVaYZ1poTSrYgaFFxi3XIrsJVqpEkksBkNryd+8xG14Ure21GKYUL7ksecUeukVgdTw4WS3VLZr/hTkGUSzEkZ5qh1S1+dnmJZgtIyQY1pB35qw5xqy5nAcbGTGUwpG9I+th2VNEET5tN7x+TUKT0SK+1KWjJVf0/kNDFmlESuM6F2YBa9ifif185sfBXmXKaZRclmi+JMEKvI5HnS4xqZFSNHKNPc3UrYgGrKrIuo6EIIFl9eJo3zSuBXgruLcvX2aRZHAY7hBM4ggEuowg3UoA4MBDzDK7x5D96L9+59zFpXvHmER/AH3ucPdYaQqQ==</latexit><latexit sha1_base64="V8utEq2jJC29ztGCazFgIx5EBDk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF20psMmZ1ZZ2aFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFaWCG+v7397K6tr6xmZhq7i9s7u3Xzo4bBiVaYZ1poTSrYgaFFxi3XIrsJVqpEkksBkNryd+8xG14Ure21GKYUL7ksecUeukVgdTw4WS3VLZr/hTkGUSzEkZ5qh1S1+dnmJZgtIyQY1pB35qw5xqy5nAcbGTGUwpG9I+th2VNEET5tN7x+TUKT0SK+1KWjJVf0/kNDFmlESuM6F2YBa9ifif185sfBXmXKaZRclmi+JMEKvI5HnS4xqZFSNHKNPc3UrYgGrKrIuo6EIIFl9eJo3zSuBXgruLcvX2aRZHAY7hBM4ggEuowg3UoA4MBDzDK7x5D96L9+59zFpXvHmER/AH3ucPdYaQqQ==</latexit><latexit sha1_base64="V8utEq2jJC29ztGCazFgIx5EBDk=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6QLGF20psMmZ1ZZ2aFsAT8Bi8eFPHq73jzb5w8DppY0FBUddPdFaWCG+v7397K6tr6xmZhq7i9s7u3Xzo4bBiVaYZ1poTSrYgaFFxi3XIrsJVqpEkksBkNryd+8xG14Ure21GKYUL7ksecUeukVgdTw4WS3VLZr/hTkGUSzEkZ5qh1S1+dnmJZgtIyQY1pB35qw5xqy5nAcbGTGUwpG9I+th2VNEET5tN7x+TUKT0SK+1KWjJVf0/kNDFmlESuM6F2YBa9ifif185sfBXmXKaZRclmi+JMEKvI5HnS4xqZFSNHKNPc3UrYgGrKrIuo6EIIFl9eJo3zSuBXgruLcvX2aRZHAY7hBM4ggEuowg3UoA4MBDzDK7x5D96L9+59zFpXvHmER/AH3ucPdYaQqQ==</latexit>

Gradients propagate only 
through deterministic nodes

⇠ N (0, 1)
<latexit sha1_base64="T8H8aCZMnYNp4ciq/5LA19shoqE=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEUGPBS+CIBXsBzShbLabduluEnY3QgkVwb/ixYMiXv0X3vw3btoetPpg4PHeDDPzgoQzpR3nyyosLC4trxRXS2vrG5tb9vZOU8WpJLRBYh7LdoAV5SyiDc00p+1EUiwCTlvB8CL3W3dUKhZHt3qUUF/gfsRCRrA2UtfeQ55iAnkC6wHBPLseV5xj5B6VunbZqToToL/EnZEyzFDv2p9eLyapoJEmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGNohAVVfjb5YIwOjdJDYSxNRRpN1J8TGRZKjURgOvNL1byXi/95nVSH537GoiTVNCLTRWHKkY5RHgfqMUmJ5iNDMJHM3IrIAEtMtAktD8Gdf/kvaZ5UXafq3pyWa1cP0ziKsA8HUAEXzqAGl1CHBhC4hyd4gVfr0Xq23qz3aWvBmkW4C79gfXwDwAKVjQ==</latexit><latexit sha1_base64="T8H8aCZMnYNp4ciq/5LA19shoqE=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEUGPBS+CIBXsBzShbLabduluEnY3QgkVwb/ixYMiXv0X3vw3btoetPpg4PHeDDPzgoQzpR3nyyosLC4trxRXS2vrG5tb9vZOU8WpJLRBYh7LdoAV5SyiDc00p+1EUiwCTlvB8CL3W3dUKhZHt3qUUF/gfsRCRrA2UtfeQ55iAnkC6wHBPLseV5xj5B6VunbZqToToL/EnZEyzFDv2p9eLyapoJEmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGNohAVVfjb5YIwOjdJDYSxNRRpN1J8TGRZKjURgOvNL1byXi/95nVSH537GoiTVNCLTRWHKkY5RHgfqMUmJ5iNDMJHM3IrIAEtMtAktD8Gdf/kvaZ5UXafq3pyWa1cP0ziKsA8HUAEXzqAGl1CHBhC4hyd4gVfr0Xq23qz3aWvBmkW4C79gfXwDwAKVjQ==</latexit><latexit sha1_base64="T8H8aCZMnYNp4ciq/5LA19shoqE=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEUGPBS+CIBXsBzShbLabduluEnY3QgkVwb/ixYMiXv0X3vw3btoetPpg4PHeDDPzgoQzpR3nyyosLC4trxRXS2vrG5tb9vZOU8WpJLRBYh7LdoAV5SyiDc00p+1EUiwCTlvB8CL3W3dUKhZHt3qUUF/gfsRCRrA2UtfeQ55iAnkC6wHBPLseV5xj5B6VunbZqToToL/EnZEyzFDv2p9eLyapoJEmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGNohAVVfjb5YIwOjdJDYSxNRRpN1J8TGRZKjURgOvNL1byXi/95nVSH537GoiTVNCLTRWHKkY5RHgfqMUmJ5iNDMJHM3IrIAEtMtAktD8Gdf/kvaZ5UXafq3pyWa1cP0ziKsA8HUAEXzqAGl1CHBhC4hyd4gVfr0Xq23qz3aWvBmkW4C79gfXwDwAKVjQ==</latexit><latexit sha1_base64="T8H8aCZMnYNp4ciq/5LA19shoqE=">AAACAXicbVBNS8NAEJ3Ur1q/ol4EL4tFqCAlEUGPBS+CIBXsBzShbLabduluEnY3QgkVwb/ixYMiXv0X3vw3btoetPpg4PHeDDPzgoQzpR3nyyosLC4trxRXS2vrG5tb9vZOU8WpJLRBYh7LdoAV5SyiDc00p+1EUiwCTlvB8CL3W3dUKhZHt3qUUF/gfsRCRrA2UtfeQ55iAnkC6wHBPLseV5xj5B6VunbZqToToL/EnZEyzFDv2p9eLyapoJEmHCvVcZ1E+xmWmhFOxyUvVTTBZIj7tGNohAVVfjb5YIwOjdJDYSxNRRpN1J8TGRZKjURgOvNL1byXi/95nVSH537GoiTVNCLTRWHKkY5RHgfqMUmJ5iNDMJHM3IrIAEtMtAktD8Gdf/kvaZ5UXafq3pyWa1cP0ziKsA8HUAEXzqAGl1CHBhC4hyd4gVfr0Xq23qz3aWvBmkW4C79gfXwDwAKVjQ==</latexit>

w ⇠ N (µ,�2)
<latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit>

,
<latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit>

w = µ+ �✏, ✏ ⇠ N (0, 1)
<latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit><latexit sha1_base64="xjyrSRtJWjw2FDx6yY8z3LymU+A="></latexit>
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Reparametrization trick: general form
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distribution
 conditioned 

on parameters

unconditioned
distribution

w ⇠ q(w|�)
<latexit sha1_base64="IZc/ylPMMqsiPj3ej9QRp/JnVc4="></latexit><latexit sha1_base64="IZc/ylPMMqsiPj3ej9QRp/JnVc4="></latexit><latexit sha1_base64="IZc/ylPMMqsiPj3ej9QRp/JnVc4="></latexit><latexit sha1_base64="IZc/ylPMMqsiPj3ej9QRp/JnVc4="></latexit>

,
<latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit>

dependency 
on parameters

w ⇠ N (µ,�2)
<latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit><latexit sha1_base64="o8+WI5E9e9423hPuNy1CU97mUCU="></latexit>

,
<latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit>

✏ ⇠ N (0, 1)
<latexit sha1_base64="oC1laM5diXi0CTMfOWIDfOS4JWE="></latexit><latexit sha1_base64="oC1laM5diXi0CTMfOWIDfOS4JWE="></latexit><latexit sha1_base64="oC1laM5diXi0CTMfOWIDfOS4JWE="></latexit><latexit sha1_base64="oC1laM5diXi0CTMfOWIDfOS4JWE="></latexit>

w = µ+ �✏,
<latexit sha1_base64="kvSk2/jDj6h5fF/iNiIzmCcBRS8="></latexit><latexit sha1_base64="kvSk2/jDj6h5fF/iNiIzmCcBRS8="></latexit><latexit sha1_base64="kvSk2/jDj6h5fF/iNiIzmCcBRS8="></latexit><latexit sha1_base64="kvSk2/jDj6h5fF/iNiIzmCcBRS8="></latexit>

w = f(�, ✏),
<latexit sha1_base64="ndHkDkOVHgEizOgTZSpjMVptrh8=">AAACJ3icbVDLSgMxFM3UV62vUZduLpZChVJmRNCNUnAjuKlgH9ApJZNm2tBMZkgySikFP8aNv+JGUBFd+iemD0VbTwgczjmX5B4/5kxpx/mwUguLS8sr6dXM2vrG5pa9vVNVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87H/m1GyoVi8S17se0GeKOYAEjWBupZZ/BLZxCkPe4mWnjAoBHY8V4JA4K4BVGJwO5bw08xUKI8z+Zlp11is4YME/cKcmiKcot+9lrRyQJqdCEY6UarhPr5gBLzQinw4yXKBpj0sMd2jBU4JCq5mC85xByRmlDEElzhYax+ntigEOl+qFvkiHWXTXrjcT/vEaig5PmgIk40VSQyUNBwkFHMCoN2kxSonnfEEwkM38F0sUSE22qzZgS3NmV50n1sOg6RffqKFu6vJvUkUZ7aB/lkYuOUQldoDKqIILu0SN6Qa/Wg/VkvVnvk2jKmla4i/7A+vwC9sijbw==</latexit><latexit sha1_base64="ndHkDkOVHgEizOgTZSpjMVptrh8=">AAACJ3icbVDLSgMxFM3UV62vUZduLpZChVJmRNCNUnAjuKlgH9ApJZNm2tBMZkgySikFP8aNv+JGUBFd+iemD0VbTwgczjmX5B4/5kxpx/mwUguLS8sr6dXM2vrG5pa9vVNVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87H/m1GyoVi8S17se0GeKOYAEjWBupZZ/BLZxCkPe4mWnjAoBHY8V4JA4K4BVGJwO5bw08xUKI8z+Zlp11is4YME/cKcmiKcot+9lrRyQJqdCEY6UarhPr5gBLzQinw4yXKBpj0sMd2jBU4JCq5mC85xByRmlDEElzhYax+ntigEOl+qFvkiHWXTXrjcT/vEaig5PmgIk40VSQyUNBwkFHMCoN2kxSonnfEEwkM38F0sUSE22qzZgS3NmV50n1sOg6RffqKFu6vJvUkUZ7aB/lkYuOUQldoDKqIILu0SN6Qa/Wg/VkvVnvk2jKmla4i/7A+vwC9sijbw==</latexit><latexit sha1_base64="ndHkDkOVHgEizOgTZSpjMVptrh8=">AAACJ3icbVDLSgMxFM3UV62vUZduLpZChVJmRNCNUnAjuKlgH9ApJZNm2tBMZkgySikFP8aNv+JGUBFd+iemD0VbTwgczjmX5B4/5kxpx/mwUguLS8sr6dXM2vrG5pa9vVNVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87H/m1GyoVi8S17se0GeKOYAEjWBupZZ/BLZxCkPe4mWnjAoBHY8V4JA4K4BVGJwO5bw08xUKI8z+Zlp11is4YME/cKcmiKcot+9lrRyQJqdCEY6UarhPr5gBLzQinw4yXKBpj0sMd2jBU4JCq5mC85xByRmlDEElzhYax+ntigEOl+qFvkiHWXTXrjcT/vEaig5PmgIk40VSQyUNBwkFHMCoN2kxSonnfEEwkM38F0sUSE22qzZgS3NmV50n1sOg6RffqKFu6vJvUkUZ7aB/lkYuOUQldoDKqIILu0SN6Qa/Wg/VkvVnvk2jKmla4i/7A+vwC9sijbw==</latexit><latexit sha1_base64="ndHkDkOVHgEizOgTZSpjMVptrh8=">AAACJ3icbVDLSgMxFM3UV62vUZduLpZChVJmRNCNUnAjuKlgH9ApJZNm2tBMZkgySikFP8aNv+JGUBFd+iemD0VbTwgczjmX5B4/5kxpx/mwUguLS8sr6dXM2vrG5pa9vVNVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87H/m1GyoVi8S17se0GeKOYAEjWBupZZ/BLZxCkPe4mWnjAoBHY8V4JA4K4BVGJwO5bw08xUKI8z+Zlp11is4YME/cKcmiKcot+9lrRyQJqdCEY6UarhPr5gBLzQinw4yXKBpj0sMd2jBU4JCq5mC85xByRmlDEElzhYax+ntigEOl+qFvkiHWXTXrjcT/vEaig5PmgIk40VSQyUNBwkFHMCoN2kxSonnfEEwkM38F0sUSE22qzZgS3NmV50n1sOg6RffqKFu6vJvUkUZ7aB/lkYuOUQldoDKqIILu0SN6Qa/Wg/VkvVnvk2jKmla4i/7A+vwC9sijbw==</latexit>

✏ ⇠ p(✏)
<latexit sha1_base64="sFFJDZyGUDwhQhHlf0h7DpUW410=">AAACJ3icbVBbS8MwGE3nbdZb1UdfgmMwYYxWBH1RBr4IvkxwF1jLSLN0C0vTkqTKKAN/jC/+FV8EFdFH/4npNoZunhA4nHM+ku/4MaNS2faXkVtaXlldy6+bG5tb2zvW7l5DRonApI4jFomWjyRhlJO6ooqRViwICn1Gmv7gMvObd0RIGvFbNYyJF6IepwHFSGmpY10U4T08h0HJZXqoi8oQuiSWlEX8qAzdcnbMmQRdSUMYl2aRjlWwK/YYcJE4U1IAU9Q61qvbjXASEq4wQ1K2HTtWXoqEopiRkekmksQID1CPtDXlKCTSS8d7jmBRK10YREJfruBY/T2RolDKYejrZIhUX857mfif105UcOallMeJIhxPHgoSBlUEs9JglwqCFRtqgrCg+q8Q95FAWOlqTV2CM7/yImkcVxy74tycFKrXD5M68uAAHIIScMApqIIrUAN1gMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z/xpKNv</latexit><latexit sha1_base64="sFFJDZyGUDwhQhHlf0h7DpUW410=">AAACJ3icbVBbS8MwGE3nbdZb1UdfgmMwYYxWBH1RBr4IvkxwF1jLSLN0C0vTkqTKKAN/jC/+FV8EFdFH/4npNoZunhA4nHM+ku/4MaNS2faXkVtaXlldy6+bG5tb2zvW7l5DRonApI4jFomWjyRhlJO6ooqRViwICn1Gmv7gMvObd0RIGvFbNYyJF6IepwHFSGmpY10U4T08h0HJZXqoi8oQuiSWlEX8qAzdcnbMmQRdSUMYl2aRjlWwK/YYcJE4U1IAU9Q61qvbjXASEq4wQ1K2HTtWXoqEopiRkekmksQID1CPtDXlKCTSS8d7jmBRK10YREJfruBY/T2RolDKYejrZIhUX857mfif105UcOallMeJIhxPHgoSBlUEs9JglwqCFRtqgrCg+q8Q95FAWOlqTV2CM7/yImkcVxy74tycFKrXD5M68uAAHIIScMApqIIrUAN1gMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z/xpKNv</latexit><latexit sha1_base64="sFFJDZyGUDwhQhHlf0h7DpUW410=">AAACJ3icbVBbS8MwGE3nbdZb1UdfgmMwYYxWBH1RBr4IvkxwF1jLSLN0C0vTkqTKKAN/jC/+FV8EFdFH/4npNoZunhA4nHM+ku/4MaNS2faXkVtaXlldy6+bG5tb2zvW7l5DRonApI4jFomWjyRhlJO6ooqRViwICn1Gmv7gMvObd0RIGvFbNYyJF6IepwHFSGmpY10U4T08h0HJZXqoi8oQuiSWlEX8qAzdcnbMmQRdSUMYl2aRjlWwK/YYcJE4U1IAU9Q61qvbjXASEq4wQ1K2HTtWXoqEopiRkekmksQID1CPtDXlKCTSS8d7jmBRK10YREJfruBY/T2RolDKYejrZIhUX857mfif105UcOallMeJIhxPHgoSBlUEs9JglwqCFRtqgrCg+q8Q95FAWOlqTV2CM7/yImkcVxy74tycFKrXD5M68uAAHIIScMApqIIrUAN1gMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z/xpKNv</latexit><latexit sha1_base64="sFFJDZyGUDwhQhHlf0h7DpUW410=">AAACJ3icbVBbS8MwGE3nbdZb1UdfgmMwYYxWBH1RBr4IvkxwF1jLSLN0C0vTkqTKKAN/jC/+FV8EFdFH/4npNoZunhA4nHM+ku/4MaNS2faXkVtaXlldy6+bG5tb2zvW7l5DRonApI4jFomWjyRhlJO6ooqRViwICn1Gmv7gMvObd0RIGvFbNYyJF6IepwHFSGmpY10U4T08h0HJZXqoi8oQuiSWlEX8qAzdcnbMmQRdSUMYl2aRjlWwK/YYcJE4U1IAU9Q61qvbjXASEq4wQ1K2HTtWXoqEopiRkekmksQID1CPtDXlKCTSS8d7jmBRK10YREJfruBY/T2RolDKYejrZIhUX857mfif105UcOallMeJIhxPHgoSBlUEs9JglwqCFRtqgrCg+q8Q95FAWOlqTV2CM7/yImkcVxy74tycFKrXD5M68uAAHIIScMApqIIrUAN1gMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z/xpKNv</latexit>
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Reparametrization trick

= Ep(✏)r� log p(y
i|xi

, w = f(�, ✏))

<latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit><latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit><latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit><latexit sha1_base64="hP+6LrUf2d3tZaldqaQQvEKMXyw=">AAAB2XicbZDNSgMxFIXv1L86Vq1rN8EiuCozbnQpuHFZwbZCO5RM5k4bmskMyR2hDH0BF25EfC93vo3pz0JbDwQ+zknIvSculLQUBN9ebWd3b/+gfugfNfzjk9Nmo2fz0gjsilzl5jnmFpXU2CVJCp8LgzyLFfbj6f0i77+gsTLXTzQrMMr4WMtUCk7O6oyaraAdLMW2IVxDC9YaNb+GSS7KDDUJxa0dhEFBUcUNSaFw7g9LiwUXUz7GgUPNM7RRtRxzzi6dk7A0N+5oYkv394uKZ9bOstjdzDhN7Ga2MP/LBiWlt1EldVESarH6KC0Vo5wtdmaJNChIzRxwYaSblYkJN1yQa8Z3HYSbG29D77odBu3wMYA6nMMFXEEIN3AHD9CBLghI4BXevYn35n2suqp569LO4I+8zx84xIo4</latexit><latexit sha1_base64="cmh6KBTC2PRpasWZT9eWDWxnqHE="></latexit><latexit sha1_base64="cmh6KBTC2PRpasWZT9eWDWxnqHE="></latexit><latexit sha1_base64="64MP/vsYVMBjr3eFbhtn1hsmqps="></latexit><latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit><latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit><latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit><latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit><latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit><latexit sha1_base64="lPNNVCjKzGkNpDP6otv/Hkftlcc="></latexit>

Diederik P Kingma, Max Welling . Auto-Encoding Variational Bayes. ICLR 2013

r�Eq(w|�) log p(y
i|xi

, w) = r�Ep(✏) log p(y
i|xi

, w = f(�, ✏)) =

<latexit sha1_base64="i+KZqhpXSA2nmEqHrrJQhgOodF0="></latexit><latexit sha1_base64="i+KZqhpXSA2nmEqHrrJQhgOodF0="></latexit><latexit sha1_base64="i+KZqhpXSA2nmEqHrrJQhgOodF0="></latexit><latexit sha1_base64="i+KZqhpXSA2nmEqHrrJQhgOodF0="></latexit>

distribution
 conditioned 

on parameters

unconditioned
distribution

w ⇠ q(w|�)
<latexit sha1_base64="IZc/ylPMMqsiPj3ej9QRp/JnVc4="></latexit><latexit sha1_base64="IZc/ylPMMqsiPj3ej9QRp/JnVc4="></latexit><latexit sha1_base64="IZc/ylPMMqsiPj3ej9QRp/JnVc4="></latexit><latexit sha1_base64="IZc/ylPMMqsiPj3ej9QRp/JnVc4="></latexit>

,
<latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit><latexit sha1_base64="NxVVR1CnDiXVqclvHhVfkHrvXy4="></latexit>

dependency 
on parameters

w = f(�, ✏),
<latexit sha1_base64="ndHkDkOVHgEizOgTZSpjMVptrh8=">AAACJ3icbVDLSgMxFM3UV62vUZduLpZChVJmRNCNUnAjuKlgH9ApJZNm2tBMZkgySikFP8aNv+JGUBFd+iemD0VbTwgczjmX5B4/5kxpx/mwUguLS8sr6dXM2vrG5pa9vVNVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87H/m1GyoVi8S17se0GeKOYAEjWBupZZ/BLZxCkPe4mWnjAoBHY8V4JA4K4BVGJwO5bw08xUKI8z+Zlp11is4YME/cKcmiKcot+9lrRyQJqdCEY6UarhPr5gBLzQinw4yXKBpj0sMd2jBU4JCq5mC85xByRmlDEElzhYax+ntigEOl+qFvkiHWXTXrjcT/vEaig5PmgIk40VSQyUNBwkFHMCoN2kxSonnfEEwkM38F0sUSE22qzZgS3NmV50n1sOg6RffqKFu6vJvUkUZ7aB/lkYuOUQldoDKqIILu0SN6Qa/Wg/VkvVnvk2jKmla4i/7A+vwC9sijbw==</latexit><latexit sha1_base64="ndHkDkOVHgEizOgTZSpjMVptrh8=">AAACJ3icbVDLSgMxFM3UV62vUZduLpZChVJmRNCNUnAjuKlgH9ApJZNm2tBMZkgySikFP8aNv+JGUBFd+iemD0VbTwgczjmX5B4/5kxpx/mwUguLS8sr6dXM2vrG5pa9vVNVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87H/m1GyoVi8S17se0GeKOYAEjWBupZZ/BLZxCkPe4mWnjAoBHY8V4JA4K4BVGJwO5bw08xUKI8z+Zlp11is4YME/cKcmiKcot+9lrRyQJqdCEY6UarhPr5gBLzQinw4yXKBpj0sMd2jBU4JCq5mC85xByRmlDEElzhYax+ntigEOl+qFvkiHWXTXrjcT/vEaig5PmgIk40VSQyUNBwkFHMCoN2kxSonnfEEwkM38F0sUSE22qzZgS3NmV50n1sOg6RffqKFu6vJvUkUZ7aB/lkYuOUQldoDKqIILu0SN6Qa/Wg/VkvVnvk2jKmla4i/7A+vwC9sijbw==</latexit><latexit sha1_base64="ndHkDkOVHgEizOgTZSpjMVptrh8=">AAACJ3icbVDLSgMxFM3UV62vUZduLpZChVJmRNCNUnAjuKlgH9ApJZNm2tBMZkgySikFP8aNv+JGUBFd+iemD0VbTwgczjmX5B4/5kxpx/mwUguLS8sr6dXM2vrG5pa9vVNVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87H/m1GyoVi8S17se0GeKOYAEjWBupZZ/BLZxCkPe4mWnjAoBHY8V4JA4K4BVGJwO5bw08xUKI8z+Zlp11is4YME/cKcmiKcot+9lrRyQJqdCEY6UarhPr5gBLzQinw4yXKBpj0sMd2jBU4JCq5mC85xByRmlDEElzhYax+ntigEOl+qFvkiHWXTXrjcT/vEaig5PmgIk40VSQyUNBwkFHMCoN2kxSonnfEEwkM38F0sUSE22qzZgS3NmV50n1sOg6RffqKFu6vJvUkUZ7aB/lkYuOUQldoDKqIILu0SN6Qa/Wg/VkvVnvk2jKmla4i/7A+vwC9sijbw==</latexit><latexit sha1_base64="ndHkDkOVHgEizOgTZSpjMVptrh8=">AAACJ3icbVDLSgMxFM3UV62vUZduLpZChVJmRNCNUnAjuKlgH9ApJZNm2tBMZkgySikFP8aNv+JGUBFd+iemD0VbTwgczjmX5B4/5kxpx/mwUguLS8sr6dXM2vrG5pa9vVNVUSIJrZCIR7LuY0U5E7Simea0HkuKQ5/Tmt87H/m1GyoVi8S17se0GeKOYAEjWBupZZ/BLZxCkPe4mWnjAoBHY8V4JA4K4BVGJwO5bw08xUKI8z+Zlp11is4YME/cKcmiKcot+9lrRyQJqdCEY6UarhPr5gBLzQinw4yXKBpj0sMd2jBU4JCq5mC85xByRmlDEElzhYax+ntigEOl+qFvkiHWXTXrjcT/vEaig5PmgIk40VSQyUNBwkFHMCoN2kxSonnfEEwkM38F0sUSE22qzZgS3NmV50n1sOg6RffqKFu6vJvUkUZ7aB/lkYuOUQldoDKqIILu0SN6Qa/Wg/VkvVnvk2jKmla4i/7A+vwC9sijbw==</latexit>

✏ ⇠ p(✏)
<latexit sha1_base64="sFFJDZyGUDwhQhHlf0h7DpUW410=">AAACJ3icbVBbS8MwGE3nbdZb1UdfgmMwYYxWBH1RBr4IvkxwF1jLSLN0C0vTkqTKKAN/jC/+FV8EFdFH/4npNoZunhA4nHM+ku/4MaNS2faXkVtaXlldy6+bG5tb2zvW7l5DRonApI4jFomWjyRhlJO6ooqRViwICn1Gmv7gMvObd0RIGvFbNYyJF6IepwHFSGmpY10U4T08h0HJZXqoi8oQuiSWlEX8qAzdcnbMmQRdSUMYl2aRjlWwK/YYcJE4U1IAU9Q61qvbjXASEq4wQ1K2HTtWXoqEopiRkekmksQID1CPtDXlKCTSS8d7jmBRK10YREJfruBY/T2RolDKYejrZIhUX857mfif105UcOallMeJIhxPHgoSBlUEs9JglwqCFRtqgrCg+q8Q95FAWOlqTV2CM7/yImkcVxy74tycFKrXD5M68uAAHIIScMApqIIrUAN1gMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z/xpKNv</latexit><latexit sha1_base64="sFFJDZyGUDwhQhHlf0h7DpUW410=">AAACJ3icbVBbS8MwGE3nbdZb1UdfgmMwYYxWBH1RBr4IvkxwF1jLSLN0C0vTkqTKKAN/jC/+FV8EFdFH/4npNoZunhA4nHM+ku/4MaNS2faXkVtaXlldy6+bG5tb2zvW7l5DRonApI4jFomWjyRhlJO6ooqRViwICn1Gmv7gMvObd0RIGvFbNYyJF6IepwHFSGmpY10U4T08h0HJZXqoi8oQuiSWlEX8qAzdcnbMmQRdSUMYl2aRjlWwK/YYcJE4U1IAU9Q61qvbjXASEq4wQ1K2HTtWXoqEopiRkekmksQID1CPtDXlKCTSS8d7jmBRK10YREJfruBY/T2RolDKYejrZIhUX857mfif105UcOallMeJIhxPHgoSBlUEs9JglwqCFRtqgrCg+q8Q95FAWOlqTV2CM7/yImkcVxy74tycFKrXD5M68uAAHIIScMApqIIrUAN1gMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z/xpKNv</latexit><latexit sha1_base64="sFFJDZyGUDwhQhHlf0h7DpUW410=">AAACJ3icbVBbS8MwGE3nbdZb1UdfgmMwYYxWBH1RBr4IvkxwF1jLSLN0C0vTkqTKKAN/jC/+FV8EFdFH/4npNoZunhA4nHM+ku/4MaNS2faXkVtaXlldy6+bG5tb2zvW7l5DRonApI4jFomWjyRhlJO6ooqRViwICn1Gmv7gMvObd0RIGvFbNYyJF6IepwHFSGmpY10U4T08h0HJZXqoi8oQuiSWlEX8qAzdcnbMmQRdSUMYl2aRjlWwK/YYcJE4U1IAU9Q61qvbjXASEq4wQ1K2HTtWXoqEopiRkekmksQID1CPtDXlKCTSS8d7jmBRK10YREJfruBY/T2RolDKYejrZIhUX857mfif105UcOallMeJIhxPHgoSBlUEs9JglwqCFRtqgrCg+q8Q95FAWOlqTV2CM7/yImkcVxy74tycFKrXD5M68uAAHIIScMApqIIrUAN1gMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z/xpKNv</latexit><latexit sha1_base64="sFFJDZyGUDwhQhHlf0h7DpUW410=">AAACJ3icbVBbS8MwGE3nbdZb1UdfgmMwYYxWBH1RBr4IvkxwF1jLSLN0C0vTkqTKKAN/jC/+FV8EFdFH/4npNoZunhA4nHM+ku/4MaNS2faXkVtaXlldy6+bG5tb2zvW7l5DRonApI4jFomWjyRhlJO6ooqRViwICn1Gmv7gMvObd0RIGvFbNYyJF6IepwHFSGmpY10U4T08h0HJZXqoi8oQuiSWlEX8qAzdcnbMmQRdSUMYl2aRjlWwK/YYcJE4U1IAU9Q61qvbjXASEq4wQ1K2HTtWXoqEopiRkekmksQID1CPtDXlKCTSS8d7jmBRK10YREJfruBY/T2RolDKYejrZIhUX857mfif105UcOallMeJIhxPHgoSBlUEs9JglwqCFRtqgrCg+q8Q95FAWOlqTV2CM7/yImkcVxy74tycFKrXD5M68uAAHIIScMApqIIrUAN1gMEjeAZv4N14Ml6MD+NzEs0Z0wr3wR8Y3z/xpKNv</latexit>
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Reparametrization trick: examples
q(w|�)

<latexit sha1_base64="XPQIjKvK2Ew6BEb2AnYb+UcmfYs="></latexit><latexit sha1_base64="XPQIjKvK2Ew6BEb2AnYb+UcmfYs="></latexit><latexit sha1_base64="XPQIjKvK2Ew6BEb2AnYb+UcmfYs="></latexit><latexit sha1_base64="XPQIjKvK2Ew6BEb2AnYb+UcmfYs="></latexit>

w = f(�, ✏), p(✏)
<latexit sha1_base64="cTOktiewQe1PB071lGcJf1/B2hc=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVSpkRQTdCwY3gpoJ9QGcomUymDc1kQpJRylDwI9z4K25cKOJWd/6NmbaItp7LhcM595LcEwhGlXacL2thcWl5ZbWwVlzf2Nzatnd2mypJJSYNnLBEtgOkCKOcNDTVjLSFJCgOGGkFg4vcb90SqWjCb/RQED9GPU4jipE2Uteuwjt4DqOyx8xOiCoQekQoyhJ+VIFeJS8oyj9a1y45VWcMOE/cKSmBKepd+9MLE5zGhGvMkFId1xHaz5DUFDMyKnqpIgLhAeqRjqEcxUT52fiuETw0SgijRJrmGo7V3xsZipUaxoGZjJHuq1kvF//zOqmOzvyMcpFqwvHkoShlUCcwDwmGVBKs2dAQhCU1f4W4jyTC2kRZNCG4syfPk+Zx1XWq7vVJqXZ1P4mjAPbBASgDF5yCGrgEddAAGDyAJ/ACXq1H69l6s94nowvWNMI98AfWxzdju51l</latexit><latexit sha1_base64="cTOktiewQe1PB071lGcJf1/B2hc=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVSpkRQTdCwY3gpoJ9QGcomUymDc1kQpJRylDwI9z4K25cKOJWd/6NmbaItp7LhcM595LcEwhGlXacL2thcWl5ZbWwVlzf2Nzatnd2mypJJSYNnLBEtgOkCKOcNDTVjLSFJCgOGGkFg4vcb90SqWjCb/RQED9GPU4jipE2Uteuwjt4DqOyx8xOiCoQekQoyhJ+VIFeJS8oyj9a1y45VWcMOE/cKSmBKepd+9MLE5zGhGvMkFId1xHaz5DUFDMyKnqpIgLhAeqRjqEcxUT52fiuETw0SgijRJrmGo7V3xsZipUaxoGZjJHuq1kvF//zOqmOzvyMcpFqwvHkoShlUCcwDwmGVBKs2dAQhCU1f4W4jyTC2kRZNCG4syfPk+Zx1XWq7vVJqXZ1P4mjAPbBASgDF5yCGrgEddAAGDyAJ/ACXq1H69l6s94nowvWNMI98AfWxzdju51l</latexit><latexit sha1_base64="cTOktiewQe1PB071lGcJf1/B2hc=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVSpkRQTdCwY3gpoJ9QGcomUymDc1kQpJRylDwI9z4K25cKOJWd/6NmbaItp7LhcM595LcEwhGlXacL2thcWl5ZbWwVlzf2Nzatnd2mypJJSYNnLBEtgOkCKOcNDTVjLSFJCgOGGkFg4vcb90SqWjCb/RQED9GPU4jipE2Uteuwjt4DqOyx8xOiCoQekQoyhJ+VIFeJS8oyj9a1y45VWcMOE/cKSmBKepd+9MLE5zGhGvMkFId1xHaz5DUFDMyKnqpIgLhAeqRjqEcxUT52fiuETw0SgijRJrmGo7V3xsZipUaxoGZjJHuq1kvF//zOqmOzvyMcpFqwvHkoShlUCcwDwmGVBKs2dAQhCU1f4W4jyTC2kRZNCG4syfPk+Zx1XWq7vVJqXZ1P4mjAPbBASgDF5yCGrgEddAAGDyAJ/ACXq1H69l6s94nowvWNMI98AfWxzdju51l</latexit><latexit sha1_base64="cTOktiewQe1PB071lGcJf1/B2hc=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVSpkRQTdCwY3gpoJ9QGcomUymDc1kQpJRylDwI9z4K25cKOJWd/6NmbaItp7LhcM595LcEwhGlXacL2thcWl5ZbWwVlzf2Nzatnd2mypJJSYNnLBEtgOkCKOcNDTVjLSFJCgOGGkFg4vcb90SqWjCb/RQED9GPU4jipE2Uteuwjt4DqOyx8xOiCoQekQoyhJ+VIFeJS8oyj9a1y45VWcMOE/cKSmBKepd+9MLE5zGhGvMkFId1xHaz5DUFDMyKnqpIgLhAeqRjqEcxUT52fiuETw0SgijRJrmGo7V3xsZipUaxoGZjJHuq1kvF//zOqmOzvyMcpFqwvHkoShlUCcwDwmGVBKs2dAQhCU1f4W4jyTC2kRZNCG4syfPk+Zx1XWq7vVJqXZ1P4mjAPbBASgDF5yCGrgEddAAGDyAJ/ACXq1H69l6s94nowvWNMI98AfWxzdju51l</latexit>

q(w|�) p(✏) f(�, ✏)
N

�
µ,�2

�
N (0, 1) w = �✏+ µ

G(1,�) G(1, 1) w = �✏
E(�) U(0, 1) w = � log ✏

�
N (µ,⌃) N (0, I) w = A✏+ µ, where AAT = ⌃

<latexit sha1_base64="Vp/bPNnk0yLMwkaR/8YaJbc0EHc="></latexit><latexit sha1_base64="Vp/bPNnk0yLMwkaR/8YaJbc0EHc="></latexit><latexit sha1_base64="Vp/bPNnk0yLMwkaR/8YaJbc0EHc="></latexit><latexit sha1_base64="Vp/bPNnk0yLMwkaR/8YaJbc0EHc="></latexit>

Slide From Dmitry Vetrov’s presentation, deepbayes.ru/2018
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Reparametrization trick: examples
q(w|�)

<latexit sha1_base64="XPQIjKvK2Ew6BEb2AnYb+UcmfYs="></latexit><latexit sha1_base64="XPQIjKvK2Ew6BEb2AnYb+UcmfYs="></latexit><latexit sha1_base64="XPQIjKvK2Ew6BEb2AnYb+UcmfYs="></latexit><latexit sha1_base64="XPQIjKvK2Ew6BEb2AnYb+UcmfYs="></latexit>

w = f(�, ✏), p(✏)
<latexit sha1_base64="cTOktiewQe1PB071lGcJf1/B2hc=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVSpkRQTdCwY3gpoJ9QGcomUymDc1kQpJRylDwI9z4K25cKOJWd/6NmbaItp7LhcM595LcEwhGlXacL2thcWl5ZbWwVlzf2Nzatnd2mypJJSYNnLBEtgOkCKOcNDTVjLSFJCgOGGkFg4vcb90SqWjCb/RQED9GPU4jipE2Uteuwjt4DqOyx8xOiCoQekQoyhJ+VIFeJS8oyj9a1y45VWcMOE/cKSmBKepd+9MLE5zGhGvMkFId1xHaz5DUFDMyKnqpIgLhAeqRjqEcxUT52fiuETw0SgijRJrmGo7V3xsZipUaxoGZjJHuq1kvF//zOqmOzvyMcpFqwvHkoShlUCcwDwmGVBKs2dAQhCU1f4W4jyTC2kRZNCG4syfPk+Zx1XWq7vVJqXZ1P4mjAPbBASgDF5yCGrgEddAAGDyAJ/ACXq1H69l6s94nowvWNMI98AfWxzdju51l</latexit><latexit sha1_base64="cTOktiewQe1PB071lGcJf1/B2hc=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVSpkRQTdCwY3gpoJ9QGcomUymDc1kQpJRylDwI9z4K25cKOJWd/6NmbaItp7LhcM595LcEwhGlXacL2thcWl5ZbWwVlzf2Nzatnd2mypJJSYNnLBEtgOkCKOcNDTVjLSFJCgOGGkFg4vcb90SqWjCb/RQED9GPU4jipE2Uteuwjt4DqOyx8xOiCoQekQoyhJ+VIFeJS8oyj9a1y45VWcMOE/cKSmBKepd+9MLE5zGhGvMkFId1xHaz5DUFDMyKnqpIgLhAeqRjqEcxUT52fiuETw0SgijRJrmGo7V3xsZipUaxoGZjJHuq1kvF//zOqmOzvyMcpFqwvHkoShlUCcwDwmGVBKs2dAQhCU1f4W4jyTC2kRZNCG4syfPk+Zx1XWq7vVJqXZ1P4mjAPbBASgDF5yCGrgEddAAGDyAJ/ACXq1H69l6s94nowvWNMI98AfWxzdju51l</latexit><latexit sha1_base64="cTOktiewQe1PB071lGcJf1/B2hc=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVSpkRQTdCwY3gpoJ9QGcomUymDc1kQpJRylDwI9z4K25cKOJWd/6NmbaItp7LhcM595LcEwhGlXacL2thcWl5ZbWwVlzf2Nzatnd2mypJJSYNnLBEtgOkCKOcNDTVjLSFJCgOGGkFg4vcb90SqWjCb/RQED9GPU4jipE2Uteuwjt4DqOyx8xOiCoQekQoyhJ+VIFeJS8oyj9a1y45VWcMOE/cKSmBKepd+9MLE5zGhGvMkFId1xHaz5DUFDMyKnqpIgLhAeqRjqEcxUT52fiuETw0SgijRJrmGo7V3xsZipUaxoGZjJHuq1kvF//zOqmOzvyMcpFqwvHkoShlUCcwDwmGVBKs2dAQhCU1f4W4jyTC2kRZNCG4syfPk+Zx1XWq7vVJqXZ1P4mjAPbBASgDF5yCGrgEddAAGDyAJ/ACXq1H69l6s94nowvWNMI98AfWxzdju51l</latexit><latexit sha1_base64="cTOktiewQe1PB071lGcJf1/B2hc=">AAACF3icbVDLSgMxFM34rPU16tJNsAgVSpkRQTdCwY3gpoJ9QGcomUymDc1kQpJRylDwI9z4K25cKOJWd/6NmbaItp7LhcM595LcEwhGlXacL2thcWl5ZbWwVlzf2Nzatnd2mypJJSYNnLBEtgOkCKOcNDTVjLSFJCgOGGkFg4vcb90SqWjCb/RQED9GPU4jipE2Uteuwjt4DqOyx8xOiCoQekQoyhJ+VIFeJS8oyj9a1y45VWcMOE/cKSmBKepd+9MLE5zGhGvMkFId1xHaz5DUFDMyKnqpIgLhAeqRjqEcxUT52fiuETw0SgijRJrmGo7V3xsZipUaxoGZjJHuq1kvF//zOqmOzvyMcpFqwvHkoShlUCcwDwmGVBKs2dAQhCU1f4W4jyTC2kRZNCG4syfPk+Zx1XWq7vVJqXZ1P4mjAPbBASgDF5yCGrgEddAAGDyAJ/ACXq1H69l6s94nowvWNMI98AfWxzdju51l</latexit>

q(w|�) p(✏) f(�, ✏)
N

�
µ,�2

�
N (0, 1) w = �✏+ µ

G(1,�) G(1, 1) w = �✏
E(�) U(0, 1) w = � log ✏

�
N (µ,⌃) N (0, I) w = A✏+ µ, where AAT = ⌃

<latexit sha1_base64="Vp/bPNnk0yLMwkaR/8YaJbc0EHc="></latexit><latexit sha1_base64="Vp/bPNnk0yLMwkaR/8YaJbc0EHc="></latexit><latexit sha1_base64="Vp/bPNnk0yLMwkaR/8YaJbc0EHc="></latexit><latexit sha1_base64="Vp/bPNnk0yLMwkaR/8YaJbc0EHc="></latexit>

noise on 
weights!
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Local reparametrization trick
1. Reparametrization trick ⇒ unbiased estimate of the gradients 

53

ŵij = µij + ✏̂ij�ij , ✏̂ij ⇠ N (0, 1)
<latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit>

• Too expensive! (            mini-batch size) 
• One sample per mini-batch? High variance of stochastic gradients &     

correlated predictions

|w|⇥
<latexit sha1_base64="kDy6AgoHxAlOSf0e18sXrz6Bijc=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZDYZMju7zPQqYRPwJ7x4UMSrX+PNv3HyOGhiQUNR1U13V5hKYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBJphmvs0QmuhVSw6VQvI4CJW+lmtM4lLwZDq4nfvOBayMSdY/DlAcx7SkRCUbRSv7ocUTaKGJuSKdUdivuFGSZeHNShjlqndJXu5uwLOYKmaTG+J6bYpBTjYJJPi62M8NTyga0x31LFbVbgnx68picWqVLokTbUkim6u+JnMbGDOPQdsYU+2bRm4j/eX6G0VWQC5VmyBWbLYoySTAhk/9JV2jOUA4toUwLeythfaopQ5tS0YbgLb68TBrnFc+teHcX5ert0yyOAhzDCZyBB5dQhRuoQR0YJPAMr/DmoPPivDsfs9YVZx7hEfyB8/kDNVeRng==</latexit><latexit sha1_base64="kDy6AgoHxAlOSf0e18sXrz6Bijc=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZDYZMju7zPQqYRPwJ7x4UMSrX+PNv3HyOGhiQUNR1U13V5hKYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBJphmvs0QmuhVSw6VQvI4CJW+lmtM4lLwZDq4nfvOBayMSdY/DlAcx7SkRCUbRSv7ocUTaKGJuSKdUdivuFGSZeHNShjlqndJXu5uwLOYKmaTG+J6bYpBTjYJJPi62M8NTyga0x31LFbVbgnx68picWqVLokTbUkim6u+JnMbGDOPQdsYU+2bRm4j/eX6G0VWQC5VmyBWbLYoySTAhk/9JV2jOUA4toUwLeythfaopQ5tS0YbgLb68TBrnFc+teHcX5ert0yyOAhzDCZyBB5dQhRuoQR0YJPAMr/DmoPPivDsfs9YVZx7hEfyB8/kDNVeRng==</latexit><latexit sha1_base64="kDy6AgoHxAlOSf0e18sXrz6Bijc=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZDYZMju7zPQqYRPwJ7x4UMSrX+PNv3HyOGhiQUNR1U13V5hKYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBJphmvs0QmuhVSw6VQvI4CJW+lmtM4lLwZDq4nfvOBayMSdY/DlAcx7SkRCUbRSv7ocUTaKGJuSKdUdivuFGSZeHNShjlqndJXu5uwLOYKmaTG+J6bYpBTjYJJPi62M8NTyga0x31LFbVbgnx68picWqVLokTbUkim6u+JnMbGDOPQdsYU+2bRm4j/eX6G0VWQC5VmyBWbLYoySTAhk/9JV2jOUA4toUwLeythfaopQ5tS0YbgLb68TBrnFc+teHcX5ert0yyOAhzDCZyBB5dQhRuoQR0YJPAMr/DmoPPivDsfs9YVZx7hEfyB8/kDNVeRng==</latexit><latexit sha1_base64="kDy6AgoHxAlOSf0e18sXrz6Bijc=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZDYZMju7zPQqYRPwJ7x4UMSrX+PNv3HyOGhiQUNR1U13V5hKYdB1v52V1bX1jc3CVnF7Z3dvv3Rw2DBJphmvs0QmuhVSw6VQvI4CJW+lmtM4lLwZDq4nfvOBayMSdY/DlAcx7SkRCUbRSv7ocUTaKGJuSKdUdivuFGSZeHNShjlqndJXu5uwLOYKmaTG+J6bYpBTjYJJPi62M8NTyga0x31LFbVbgnx68picWqVLokTbUkim6u+JnMbGDOPQdsYU+2bRm4j/eX6G0VWQC5VmyBWbLYoySTAhk/9JV2jOUA4toUwLeythfaopQ5tS0YbgLb68TBrnFc+teHcX5ert0yyOAhzDCZyBB5dQhRuoQR0YJPAMr/DmoPPivDsfs9YVZx7hEfyB8/kDNVeRng==</latexit>
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Local reparametrization trick
1. Reparametrization trick ⇒ unbiased estimate of the gradients 

2.  Local reparametrization trick: sample preactivations instead of weights  
⇒ reduced variance of the gradients & uncorrelated predictions

wij ⇠ N (µij ,�
2
ij)

<latexit sha1_base64="NNZoUgQaqvpn88mU5ufaUR/hwU0=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoICUpgi4LbgRBKtgHNDFMptN27EwSZiZKCQH/wo2/4saFIu7EjX/jJO1CWw9cOPecO8y9x48Ylcqyvo3CwuLS8kpxtbS2vrG5ZW7vtGQYC0yaOGSh6PhIEkYD0lRUMdKJBEHcZ6Ttj84yv31HhKRhcK3GEXE5GgS0TzFSWvJM+95L6G0KHUk5dDhSQ4xYcplWHB7nzlFmDTjKm5vaIfTMslW1csB5Yk9JGUzR8MxPpxfimJNAYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiBOpJvkp6XwQCs92A+FrkDBXP39IkFcyjH39WS2vJz1MvE/rxur/qmb0CCKFQnw5KN+zKAKYZYT7FFBsGJjTRAWVO8K8RAJhJVOs6RDsGdPnietWtW2qvbVcbl+8TCJowj2wD6oABucgDo4Bw3QBBg8gmfwCt6MJ+PFeDc+JqMFYxrhLvgD4+sHTg+hbA==</latexit><latexit sha1_base64="NNZoUgQaqvpn88mU5ufaUR/hwU0=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoICUpgi4LbgRBKtgHNDFMptN27EwSZiZKCQH/wo2/4saFIu7EjX/jJO1CWw9cOPecO8y9x48Ylcqyvo3CwuLS8kpxtbS2vrG5ZW7vtGQYC0yaOGSh6PhIEkYD0lRUMdKJBEHcZ6Ttj84yv31HhKRhcK3GEXE5GgS0TzFSWvJM+95L6G0KHUk5dDhSQ4xYcplWHB7nzlFmDTjKm5vaIfTMslW1csB5Yk9JGUzR8MxPpxfimJNAYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiBOpJvkp6XwQCs92A+FrkDBXP39IkFcyjH39WS2vJz1MvE/rxur/qmb0CCKFQnw5KN+zKAKYZYT7FFBsGJjTRAWVO8K8RAJhJVOs6RDsGdPnietWtW2qvbVcbl+8TCJowj2wD6oABucgDo4Bw3QBBg8gmfwCt6MJ+PFeDc+JqMFYxrhLvgD4+sHTg+hbA==</latexit><latexit sha1_base64="NNZoUgQaqvpn88mU5ufaUR/hwU0=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoICUpgi4LbgRBKtgHNDFMptN27EwSZiZKCQH/wo2/4saFIu7EjX/jJO1CWw9cOPecO8y9x48Ylcqyvo3CwuLS8kpxtbS2vrG5ZW7vtGQYC0yaOGSh6PhIEkYD0lRUMdKJBEHcZ6Ttj84yv31HhKRhcK3GEXE5GgS0TzFSWvJM+95L6G0KHUk5dDhSQ4xYcplWHB7nzlFmDTjKm5vaIfTMslW1csB5Yk9JGUzR8MxPpxfimJNAYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiBOpJvkp6XwQCs92A+FrkDBXP39IkFcyjH39WS2vJz1MvE/rxur/qmb0CCKFQnw5KN+zKAKYZYT7FFBsGJjTRAWVO8K8RAJhJVOs6RDsGdPnietWtW2qvbVcbl+8TCJowj2wD6oABucgDo4Bw3QBBg8gmfwCt6MJ+PFeDc+JqMFYxrhLvgD4+sHTg+hbA==</latexit><latexit sha1_base64="NNZoUgQaqvpn88mU5ufaUR/hwU0=">AAACGnicbVDLSsNAFJ3UV62vqEs3g0WoICUpgi4LbgRBKtgHNDFMptN27EwSZiZKCQH/wo2/4saFIu7EjX/jJO1CWw9cOPecO8y9x48Ylcqyvo3CwuLS8kpxtbS2vrG5ZW7vtGQYC0yaOGSh6PhIEkYD0lRUMdKJBEHcZ6Ttj84yv31HhKRhcK3GEXE5GgS0TzFSWvJM+95L6G0KHUk5dDhSQ4xYcplWHB7nzlFmDTjKm5vaIfTMslW1csB5Yk9JGUzR8MxPpxfimJNAYYak7NpWpNwECUUxI2nJiSWJEB6hAelqGiBOpJvkp6XwQCs92A+FrkDBXP39IkFcyjH39WS2vJz1MvE/rxur/qmb0CCKFQnw5KN+zKAKYZYT7FFBsGJjTRAWVO8K8RAJhJVOs6RDsGdPnietWtW2qvbVcbl+8TCJowj2wD6oABucgDo4Bw3QBBg8gmfwCt6MJ+PFeDc+JqMFYxrhLvgD4+sHTg+hbA==</latexit>

B = AW
<latexit sha1_base64="s6Wkh4gdFvrw3slqTYh9TlWy57U=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMi6EWIehG8RDALJEPo6fQkbXoZunuEMAT8BC8eFPHq/3jzb+wsB018UPB4r4qqelHCmbG+/+3llpZXVtfy64WNza3tneLuXt2oVBNaI4or3YywoZxJWrPMctpMNMUi4rQRDa7HfuORasOUvLfDhIYC9ySLGcHWSfUrdIEuG51iyS/7E6BFEsxICWaodopf7a4iqaDSEo6NaQV+YsMMa8sIp6NCOzU0wWSAe7TlqMSCmjCbXDtCR07polhpV9Kiifp7IsPCmKGIXKfAtm/mvbH4n9dKbXweZkwmqaWSTBfFKUdWofHrqMs0JZYPHcFEM3crIn2sMbEuoIILIZh/eZHUT8qBXw7uTkuV26dpHHk4gEM4hgDOoAI3UIUaEHiAZ3iFN095L9679zFtzXmzCPfhD7zPHxyhjpY=</latexit><latexit sha1_base64="s6Wkh4gdFvrw3slqTYh9TlWy57U=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMi6EWIehG8RDALJEPo6fQkbXoZunuEMAT8BC8eFPHq/3jzb+wsB018UPB4r4qqelHCmbG+/+3llpZXVtfy64WNza3tneLuXt2oVBNaI4or3YywoZxJWrPMctpMNMUi4rQRDa7HfuORasOUvLfDhIYC9ySLGcHWSfUrdIEuG51iyS/7E6BFEsxICWaodopf7a4iqaDSEo6NaQV+YsMMa8sIp6NCOzU0wWSAe7TlqMSCmjCbXDtCR07polhpV9Kiifp7IsPCmKGIXKfAtm/mvbH4n9dKbXweZkwmqaWSTBfFKUdWofHrqMs0JZYPHcFEM3crIn2sMbEuoIILIZh/eZHUT8qBXw7uTkuV26dpHHk4gEM4hgDOoAI3UIUaEHiAZ3iFN095L9679zFtzXmzCPfhD7zPHxyhjpY=</latexit><latexit sha1_base64="s6Wkh4gdFvrw3slqTYh9TlWy57U=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMi6EWIehG8RDALJEPo6fQkbXoZunuEMAT8BC8eFPHq/3jzb+wsB018UPB4r4qqelHCmbG+/+3llpZXVtfy64WNza3tneLuXt2oVBNaI4or3YywoZxJWrPMctpMNMUi4rQRDa7HfuORasOUvLfDhIYC9ySLGcHWSfUrdIEuG51iyS/7E6BFEsxICWaodopf7a4iqaDSEo6NaQV+YsMMa8sIp6NCOzU0wWSAe7TlqMSCmjCbXDtCR07polhpV9Kiifp7IsPCmKGIXKfAtm/mvbH4n9dKbXweZkwmqaWSTBfFKUdWofHrqMs0JZYPHcFEM3crIn2sMbEuoIILIZh/eZHUT8qBXw7uTkuV26dpHHk4gEM4hgDOoAI3UIUaEHiAZ3iFN095L9679zFtzXmzCPfhD7zPHxyhjpY=</latexit><latexit sha1_base64="s6Wkh4gdFvrw3slqTYh9TlWy57U=">AAAB7XicbVDJSgNBEK2JW4xb1KOXxiB4CjMi6EWIehG8RDALJEPo6fQkbXoZunuEMAT8BC8eFPHq/3jzb+wsB018UPB4r4qqelHCmbG+/+3llpZXVtfy64WNza3tneLuXt2oVBNaI4or3YywoZxJWrPMctpMNMUi4rQRDa7HfuORasOUvLfDhIYC9ySLGcHWSfUrdIEuG51iyS/7E6BFEsxICWaodopf7a4iqaDSEo6NaQV+YsMMa8sIp6NCOzU0wWSAe7TlqMSCmjCbXDtCR07polhpV9Kiifp7IsPCmKGIXKfAtm/mvbH4n9dKbXweZkwmqaWSTBfFKUdWofHrqMs0JZYPHcFEM3crIn2sMbEuoIILIZh/eZHUT8qBXw7uTkuV26dpHHk4gEM4hgDOoAI3UIUaEHiAZ3iFN095L9679zFtzXmzCPfhD7zPHxyhjpY=</latexit>

EB = Aµ V arB = A2�2
<latexit sha1_base64="ECMwVLcykDcRJABl1gUu433jgrM="></latexit><latexit sha1_base64="VBsgzIenPoAEHLWXSbF+hg/s7Qc="></latexit><latexit sha1_base64="VBsgzIenPoAEHLWXSbF+hg/s7Qc="></latexit><latexit sha1_base64="8O2TxehEhDLFNjhMtCznFIzKh1w="></latexit>

B ⇠ N (Aµ,A2�2)
<latexit sha1_base64="xNbnhpch8oTAgnsnXPPlAVXJPcc="></latexit><latexit sha1_base64="6vWXNXzxUa/Q2nwZnGEIJVb/rqY="></latexit><latexit sha1_base64="6vWXNXzxUa/Q2nwZnGEIJVb/rqY="></latexit><latexit sha1_base64="vZev2E7qXF0H1fGoTWKw9A5spuY="></latexit>

blue means
element-wise

B = Aµ+
p
A2�2�✏

<latexit sha1_base64="9b659QjVYloHWNtDBpih60rEimI="></latexit><latexit sha1_base64="9b659QjVYloHWNtDBpih60rEimI="></latexit><latexit sha1_base64="9b659QjVYloHWNtDBpih60rEimI="></latexit><latexit sha1_base64="9b659QjVYloHWNtDBpih60rEimI="></latexit>

54

ŵij = µij + ✏̂ij�ij , ✏̂ij ⇠ N (0, 1)
<latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit>
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Training: putting everything together
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sample mini-batch 
of the training objects

sample weights  
from     using 

reparametrization trick
q

<latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit><latexit sha1_base64="pW1pNN//Pp8vCHxiKhJPufUJ8T0=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZi5Zs7d32d0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PGjpOFcM6i0WsWgHVKLjEuuFGYCtRSKNAYDMY3kz95iMqzWN5b8YJ+hHtSx5yRo2VaqNuseSW3RnIKvEWpAQLVLvFr04vZmmE0jBBtW57bmL8jCrDmcBJoZNqTCgb0j62LZU0Qu1ns0Mn5MwqPRLGypY0ZKb+nshopPU4CmxnRM1AL3tT8T+vnZrw2s+4TFKDks0XhakgJibTr0mPK2RGjC2hTHF7K2EDqigzNpuCDcFbfnmVNC7Knlv2apelyt3TPI48nMApnIMHV1CBW6hCHRggPMMrvDkPzovz7nzMW3POIsJj+APn8wcEYY1+</latexit>

RegularizerData term 

NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>

mX

j=1

log p(y

ij |xij
, w = f(�, ✏

j
)),

<latexit sha1_base64="Vuyidjp+kZHXPVBFIDuataal0zE="></latexit><latexit sha1_base64="Vuyidjp+kZHXPVBFIDuataal0zE="></latexit><latexit sha1_base64="Vuyidjp+kZHXPVBFIDuataal0zE="></latexit><latexit sha1_base64="Vuyidjp+kZHXPVBFIDuataal0zE="></latexit>

✏j ⇠ p(✏)
<latexit sha1_base64="9izD7LRxmWqa21UVWS7piq9xZ9Q=">AAACKXicbVBbS8MwGE29znqr+uhLcAwmjNGKoC/CwBfBlwnuAuscaZpucWlaklQZZeCv8cW/4ouCor76R0y3MXTzhMDhnPORfMeLGZXKtj+NhcWl5ZXV3Jq5vrG5tW3t7NZllAhMajhikWh6SBJGOakpqhhpxoKg0GOk4fXPM79xR4SkEb9Wg5i0Q9TlNKAYKS11rEoB3sMzGBRdpod8VILQJbGkLOKHJeiWsmNOpZtb6Eoawrg4DXWsvF22R4DzxJmQPJig2rFeXT/CSUi4wgxJ2XLsWLVTJBTFjAxNN5EkRriPuqSlKUchke10tOkQFrTiwyAS+nIFR+rviRSFUg5CTydDpHpy1svE/7xWooLTdkp5nCjC8fihIGFQRTCrDfpUEKzYQBOEBdV/hbiHBMJKl2vqEpzZledJ/ajs2GXn6jhfuXwY15ED++AAFIEDTkAFXIAqqAEMHsEzeAPvxpPxYnwYX+PogjGpcA/8gfH9A5UqpEs=</latexit><latexit sha1_base64="9izD7LRxmWqa21UVWS7piq9xZ9Q=">AAACKXicbVBbS8MwGE29znqr+uhLcAwmjNGKoC/CwBfBlwnuAuscaZpucWlaklQZZeCv8cW/4ouCor76R0y3MXTzhMDhnPORfMeLGZXKtj+NhcWl5ZXV3Jq5vrG5tW3t7NZllAhMajhikWh6SBJGOakpqhhpxoKg0GOk4fXPM79xR4SkEb9Wg5i0Q9TlNKAYKS11rEoB3sMzGBRdpod8VILQJbGkLOKHJeiWsmNOpZtb6Eoawrg4DXWsvF22R4DzxJmQPJig2rFeXT/CSUi4wgxJ2XLsWLVTJBTFjAxNN5EkRriPuqSlKUchke10tOkQFrTiwyAS+nIFR+rviRSFUg5CTydDpHpy1svE/7xWooLTdkp5nCjC8fihIGFQRTCrDfpUEKzYQBOEBdV/hbiHBMJKl2vqEpzZledJ/ajs2GXn6jhfuXwY15ED++AAFIEDTkAFXIAqqAEMHsEzeAPvxpPxYnwYX+PogjGpcA/8gfH9A5UqpEs=</latexit><latexit sha1_base64="9izD7LRxmWqa21UVWS7piq9xZ9Q=">AAACKXicbVBbS8MwGE29znqr+uhLcAwmjNGKoC/CwBfBlwnuAuscaZpucWlaklQZZeCv8cW/4ouCor76R0y3MXTzhMDhnPORfMeLGZXKtj+NhcWl5ZXV3Jq5vrG5tW3t7NZllAhMajhikWh6SBJGOakpqhhpxoKg0GOk4fXPM79xR4SkEb9Wg5i0Q9TlNKAYKS11rEoB3sMzGBRdpod8VILQJbGkLOKHJeiWsmNOpZtb6Eoawrg4DXWsvF22R4DzxJmQPJig2rFeXT/CSUi4wgxJ2XLsWLVTJBTFjAxNN5EkRriPuqSlKUchke10tOkQFrTiwyAS+nIFR+rviRSFUg5CTydDpHpy1svE/7xWooLTdkp5nCjC8fihIGFQRTCrDfpUEKzYQBOEBdV/hbiHBMJKl2vqEpzZledJ/ajs2GXn6jhfuXwY15ED++AAFIEDTkAFXIAqqAEMHsEzeAPvxpPxYnwYX+PogjGpcA/8gfH9A5UqpEs=</latexit><latexit sha1_base64="9izD7LRxmWqa21UVWS7piq9xZ9Q=">AAACKXicbVBbS8MwGE29znqr+uhLcAwmjNGKoC/CwBfBlwnuAuscaZpucWlaklQZZeCv8cW/4ouCor76R0y3MXTzhMDhnPORfMeLGZXKtj+NhcWl5ZXV3Jq5vrG5tW3t7NZllAhMajhikWh6SBJGOakpqhhpxoKg0GOk4fXPM79xR4SkEb9Wg5i0Q9TlNKAYKS11rEoB3sMzGBRdpod8VILQJbGkLOKHJeiWsmNOpZtb6Eoawrg4DXWsvF22R4DzxJmQPJig2rFeXT/CSUi4wgxJ2XLsWLVTJBTFjAxNN5EkRriPuqSlKUchke10tOkQFrTiwyAS+nIFR+rviRSFUg5CTydDpHpy1svE/7xWooLTdkp5nCjC8fihIGFQRTCrDfpUEKzYQBOEBdV/hbiHBMJKl2vqEpzZledJ/ajs2GXn6jhfuXwY15ED++AAFIEDTkAFXIAqqAEMHsEzeAPvxpPxYnwYX+PogjGpcA/8gfH9A5UqpEs=</latexit>

ij ⇠ Unif(1, . . . , N)
<latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit>

How to estimate the data term?
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Training: putting everything together

56

Bayesian neural network:

Deterministic neural network:

m
<latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit>

— mini-batch size

✏j ⇠ p(✏)
<latexit sha1_base64="9izD7LRxmWqa21UVWS7piq9xZ9Q=">AAACKXicbVBbS8MwGE29znqr+uhLcAwmjNGKoC/CwBfBlwnuAuscaZpucWlaklQZZeCv8cW/4ouCor76R0y3MXTzhMDhnPORfMeLGZXKtj+NhcWl5ZXV3Jq5vrG5tW3t7NZllAhMajhikWh6SBJGOakpqhhpxoKg0GOk4fXPM79xR4SkEb9Wg5i0Q9TlNKAYKS11rEoB3sMzGBRdpod8VILQJbGkLOKHJeiWsmNOpZtb6Eoawrg4DXWsvF22R4DzxJmQPJig2rFeXT/CSUi4wgxJ2XLsWLVTJBTFjAxNN5EkRriPuqSlKUchke10tOkQFrTiwyAS+nIFR+rviRSFUg5CTydDpHpy1svE/7xWooLTdkp5nCjC8fihIGFQRTCrDfpUEKzYQBOEBdV/hbiHBMJKl2vqEpzZledJ/ajs2GXn6jhfuXwY15ED++AAFIEDTkAFXIAqqAEMHsEzeAPvxpPxYnwYX+PogjGpcA/8gfH9A5UqpEs=</latexit><latexit sha1_base64="9izD7LRxmWqa21UVWS7piq9xZ9Q=">AAACKXicbVBbS8MwGE29znqr+uhLcAwmjNGKoC/CwBfBlwnuAuscaZpucWlaklQZZeCv8cW/4ouCor76R0y3MXTzhMDhnPORfMeLGZXKtj+NhcWl5ZXV3Jq5vrG5tW3t7NZllAhMajhikWh6SBJGOakpqhhpxoKg0GOk4fXPM79xR4SkEb9Wg5i0Q9TlNKAYKS11rEoB3sMzGBRdpod8VILQJbGkLOKHJeiWsmNOpZtb6Eoawrg4DXWsvF22R4DzxJmQPJig2rFeXT/CSUi4wgxJ2XLsWLVTJBTFjAxNN5EkRriPuqSlKUchke10tOkQFrTiwyAS+nIFR+rviRSFUg5CTydDpHpy1svE/7xWooLTdkp5nCjC8fihIGFQRTCrDfpUEKzYQBOEBdV/hbiHBMJKl2vqEpzZledJ/ajs2GXn6jhfuXwY15ED++AAFIEDTkAFXIAqqAEMHsEzeAPvxpPxYnwYX+PogjGpcA/8gfH9A5UqpEs=</latexit><latexit sha1_base64="9izD7LRxmWqa21UVWS7piq9xZ9Q=">AAACKXicbVBbS8MwGE29znqr+uhLcAwmjNGKoC/CwBfBlwnuAuscaZpucWlaklQZZeCv8cW/4ouCor76R0y3MXTzhMDhnPORfMeLGZXKtj+NhcWl5ZXV3Jq5vrG5tW3t7NZllAhMajhikWh6SBJGOakpqhhpxoKg0GOk4fXPM79xR4SkEb9Wg5i0Q9TlNKAYKS11rEoB3sMzGBRdpod8VILQJbGkLOKHJeiWsmNOpZtb6Eoawrg4DXWsvF22R4DzxJmQPJig2rFeXT/CSUi4wgxJ2XLsWLVTJBTFjAxNN5EkRriPuqSlKUchke10tOkQFrTiwyAS+nIFR+rviRSFUg5CTydDpHpy1svE/7xWooLTdkp5nCjC8fihIGFQRTCrDfpUEKzYQBOEBdV/hbiHBMJKl2vqEpzZledJ/ajs2GXn6jhfuXwY15ED++AAFIEDTkAFXIAqqAEMHsEzeAPvxpPxYnwYX+PogjGpcA/8gfH9A5UqpEs=</latexit><latexit sha1_base64="9izD7LRxmWqa21UVWS7piq9xZ9Q=">AAACKXicbVBbS8MwGE29znqr+uhLcAwmjNGKoC/CwBfBlwnuAuscaZpucWlaklQZZeCv8cW/4ouCor76R0y3MXTzhMDhnPORfMeLGZXKtj+NhcWl5ZXV3Jq5vrG5tW3t7NZllAhMajhikWh6SBJGOakpqhhpxoKg0GOk4fXPM79xR4SkEb9Wg5i0Q9TlNKAYKS11rEoB3sMzGBRdpod8VILQJbGkLOKHJeiWsmNOpZtb6Eoawrg4DXWsvF22R4DzxJmQPJig2rFeXT/CSUi4wgxJ2XLsWLVTJBTFjAxNN5EkRriPuqSlKUchke10tOkQFrTiwyAS+nIFR+rviRSFUg5CTydDpHpy1svE/7xWooLTdkp5nCjC8fihIGFQRTCrDfpUEKzYQBOEBdV/hbiHBMJKl2vqEpzZledJ/ajs2GXn6jhfuXwY15ED++AAFIEDTkAFXIAqqAEMHsEzeAPvxpPxYnwYX+PogjGpcA/8gfH9A5UqpEs=</latexit>

⌘
<latexit sha1_base64="Ky8KAip2vACjb6f2ee0KjJBZA/k=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk0kyZGZ2mekVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6JECou+/+0V1tY3NreK26Wd3b39g/LhUdPGqWG8wWIZm3ZELZdC8wYKlLydGE5VJHkrGt/kfuuRGyti/YCThIeKDrUYCEYxl7ocaa9c8av+DGSVBAtSgQXqvfJXtx+zVHGNTFJrO4GfYJhRg4JJPi11U8sTysZ0yDuOaqq4DbPZrVNy5pQ+GcTGlUYyU39PZFRZO1GR61QUR3bZy8X/vE6Kg+swEzpJkWs2XzRIJcGY5I+TvjCcoZw4QpkR7lbCRtRQhi6ekgshWH55lTQvqoFfDe4vK7W7p3kcRTiBUziHAK6gBrdQhwYwGMEzvMKbp7wX7937mLcWvEWEx/AH3ucPMZeOwQ==</latexit><latexit sha1_base64="Ky8KAip2vACjb6f2ee0KjJBZA/k=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk0kyZGZ2mekVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6JECou+/+0V1tY3NreK26Wd3b39g/LhUdPGqWG8wWIZm3ZELZdC8wYKlLydGE5VJHkrGt/kfuuRGyti/YCThIeKDrUYCEYxl7ocaa9c8av+DGSVBAtSgQXqvfJXtx+zVHGNTFJrO4GfYJhRg4JJPi11U8sTysZ0yDuOaqq4DbPZrVNy5pQ+GcTGlUYyU39PZFRZO1GR61QUR3bZy8X/vE6Kg+swEzpJkWs2XzRIJcGY5I+TvjCcoZw4QpkR7lbCRtRQhi6ekgshWH55lTQvqoFfDe4vK7W7p3kcRTiBUziHAK6gBrdQhwYwGMEzvMKbp7wX7937mLcWvEWEx/AH3ucPMZeOwQ==</latexit><latexit sha1_base64="Ky8KAip2vACjb6f2ee0KjJBZA/k=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk0kyZGZ2mekVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6JECou+/+0V1tY3NreK26Wd3b39g/LhUdPGqWG8wWIZm3ZELZdC8wYKlLydGE5VJHkrGt/kfuuRGyti/YCThIeKDrUYCEYxl7ocaa9c8av+DGSVBAtSgQXqvfJXtx+zVHGNTFJrO4GfYJhRg4JJPi11U8sTysZ0yDuOaqq4DbPZrVNy5pQ+GcTGlUYyU39PZFRZO1GR61QUR3bZy8X/vE6Kg+swEzpJkWs2XzRIJcGY5I+TvjCcoZw4QpkR7lbCRtRQhi6ekgshWH55lTQvqoFfDe4vK7W7p3kcRTiBUziHAK6gBrdQhwYwGMEzvMKbp7wX7937mLcWvEWEx/AH3ucPMZeOwQ==</latexit><latexit sha1_base64="Ky8KAip2vACjb6f2ee0KjJBZA/k=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF8FLBPOAZAmzk0kyZGZ2mekVwhLwC7x4UMSrP+TNv3E2yUETCxqKqm66u6JECou+/+0V1tY3NreK26Wd3b39g/LhUdPGqWG8wWIZm3ZELZdC8wYKlLydGE5VJHkrGt/kfuuRGyti/YCThIeKDrUYCEYxl7ocaa9c8av+DGSVBAtSgQXqvfJXtx+zVHGNTFJrO4GfYJhRg4JJPi11U8sTysZ0yDuOaqq4DbPZrVNy5pQ+GcTGlUYyU39PZFRZO1GR61QUR3bZy8X/vE6Kg+swEzpJkWs2XzRIJcGY5I+TvjCcoZw4QpkR7lbCRtRQhi6ekgshWH55lTQvqoFfDe4vK7W7p3kcRTiBUziHAK6gBrdQhwYwGMEzvMKbp7wX7937mLcWvEWEx/AH3ucPMZeOwQ==</latexit>

— learning rate

ij ⇠ Unif(1, . . . , N)
<latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit>

ij ⇠ Unif(1, . . . , N)
<latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit><latexit sha1_base64="Xf56/aqxp41nI9AK8iS25E4mxuM=">AAACCXicbVDLSsNAFJ3UV62vqEs3g0WoUEoigi4LbgRBKpi20IQwmU7a0cmDmRuxhIIrN/6KGxeKuPUP3Pk3Th8LbT1w4XDOvdx7T5AKrsCyvo3CwuLS8kpxtbS2vrG5ZW7vNFWSScocmohEtgOimOAxc4CDYO1UMhIFgrWC27OR37pjUvEkvoZByryI9GIeckpAS76JuX+DXcUj7AK7h9zR5rBiV91uAqqKLw99s2zVrDHwPLGnpIymaPjml56lWcRioIIo1bGtFLycSOBUsGHJzRRLCb0lPdbRNCYRU14+/mSID7TSxWEidcWAx+rviZxESg2iQHdGBPpq1huJ/3mdDMJTL+dxmgGL6WRRmAkMCR7FgrtcMgpioAmhkutbMe0TSSjo8Eo6BHv25XnSPKrZVs2+Oi7XLx4mcRTRHtpHFWSjE1RH56iBHETRI3pGr+jNeDJejHfjY9JaMKYR7qI/MD5/AOGLmZQ=</latexit>
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<latexit sha1_base64="yeXWwT8KDVg1GP2tztG85Oyhl7g="></latexit><latexit sha1_base64="yeXWwT8KDVg1GP2tztG85Oyhl7g="></latexit><latexit sha1_base64="yeXWwT8KDVg1GP2tztG85Oyhl7g="></latexit><latexit sha1_base64="yeXWwT8KDVg1GP2tztG85Oyhl7g="></latexit>
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<latexit sha1_base64="yjioy6fiBo4Vd/VyoeEkiyrVMJ8="></latexit><latexit sha1_base64="yjioy6fiBo4Vd/VyoeEkiyrVMJ8="></latexit><latexit sha1_base64="yjioy6fiBo4Vd/VyoeEkiyrVMJ8="></latexit><latexit sha1_base64="yjioy6fiBo4Vd/VyoeEkiyrVMJ8="></latexit>
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Model specification: 
• Choose particular prior 

Training: 
• Choose particular family for approximate posterior 
• How to compute the KL-divergence?

From general framework to particular method
NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>
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Plan

• Advantages of using Bayesian neural networks 

• Training Bayesian neural networks 

• First example: binary dropout 

• Second example: Bayesian sparsification

58
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Example: binary dropout

59

Linear layer:

With dropout:

— weight matrixW
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>

— dropout rate

x2 = Wx1,
<latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit>

x2 = W (x1 �m), mi ⇠ Bernoulli(p),

<latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit>

p
<latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit>
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W
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>

— weight matrixLinear layer:

With dropout: p
<latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit>

— dropout rate

W
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>= �

<latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit>

m
<latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit>

x2 = Wx1,
<latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit>

x2 = W (x1 �m), mi ⇠ Bernoulli(p),

<latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit>

x2<latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit>

x1<latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit>
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Example: binary dropout
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W
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>

— weight matrixLinear layer:

With dropout: p
<latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit>

— dropout rate

W
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>= �

<latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit>

W
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>= �

<latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit>

,
<latexit sha1_base64="4xJ6j3RhWpBwh8c7sMPqQcnnu3w=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI4IuC24EXVSwD2iHkkkzbWhmMiR3lFoK/g83LhRx609x578xfSy09UDg45wbcnPCVAqDnvft5FZW19Y38puFre2d3aK7t183KtOM15iSSjdDargUCa+hQMmbqeY0DiVvhIPLSd6459oIldzhMOVBTHuJiASjaK2OW2zf8Ai16PWRaq0eOm7JK3tTkWXw51CCuaod96vdVSyLeYJMUmNavpdiMKIaBZN8XGhnhqeUDWiPtywmNOYmGE0XH5Nj63RJpLQ9CZKp+/vGiMbGDOPQTsYU+2Yxm5j/Za0Mo4tgJJI0Q56w2UNRJgkqMmmBdIXmDOXQAmVa2F0J61NNGdquCrYEf/HLy1A/Lfte2b89K1Wun2Z15OEQjuAEfDiHClxBFWrAIINneIU359F5cd6dj9lozplXeAB/5Hz+AGDrk/o=</latexit><latexit sha1_base64="4xJ6j3RhWpBwh8c7sMPqQcnnu3w=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI4IuC24EXVSwD2iHkkkzbWhmMiR3lFoK/g83LhRx609x578xfSy09UDg45wbcnPCVAqDnvft5FZW19Y38puFre2d3aK7t183KtOM15iSSjdDargUCa+hQMmbqeY0DiVvhIPLSd6459oIldzhMOVBTHuJiASjaK2OW2zf8Ai16PWRaq0eOm7JK3tTkWXw51CCuaod96vdVSyLeYJMUmNavpdiMKIaBZN8XGhnhqeUDWiPtywmNOYmGE0XH5Nj63RJpLQ9CZKp+/vGiMbGDOPQTsYU+2Yxm5j/Za0Mo4tgJJI0Q56w2UNRJgkqMmmBdIXmDOXQAmVa2F0J61NNGdquCrYEf/HLy1A/Lfte2b89K1Wun2Z15OEQjuAEfDiHClxBFWrAIINneIU359F5cd6dj9lozplXeAB/5Hz+AGDrk/o=</latexit><latexit sha1_base64="4xJ6j3RhWpBwh8c7sMPqQcnnu3w=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI4IuC24EXVSwD2iHkkkzbWhmMiR3lFoK/g83LhRx609x578xfSy09UDg45wbcnPCVAqDnvft5FZW19Y38puFre2d3aK7t183KtOM15iSSjdDargUCa+hQMmbqeY0DiVvhIPLSd6459oIldzhMOVBTHuJiASjaK2OW2zf8Ai16PWRaq0eOm7JK3tTkWXw51CCuaod96vdVSyLeYJMUmNavpdiMKIaBZN8XGhnhqeUDWiPtywmNOYmGE0XH5Nj63RJpLQ9CZKp+/vGiMbGDOPQTsYU+2Yxm5j/Za0Mo4tgJJI0Q56w2UNRJgkqMmmBdIXmDOXQAmVa2F0J61NNGdquCrYEf/HLy1A/Lfte2b89K1Wun2Z15OEQjuAEfDiHClxBFWrAIINneIU359F5cd6dj9lozplXeAB/5Hz+AGDrk/o=</latexit><latexit sha1_base64="4xJ6j3RhWpBwh8c7sMPqQcnnu3w=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI4IuC24EXVSwD2iHkkkzbWhmMiR3lFoK/g83LhRx609x578xfSy09UDg45wbcnPCVAqDnvft5FZW19Y38puFre2d3aK7t183KtOM15iSSjdDargUCa+hQMmbqeY0DiVvhIPLSd6459oIldzhMOVBTHuJiASjaK2OW2zf8Ai16PWRaq0eOm7JK3tTkWXw51CCuaod96vdVSyLeYJMUmNavpdiMKIaBZN8XGhnhqeUDWiPtywmNOYmGE0XH5Nj63RJpLQ9CZKp+/vGiMbGDOPQTsYU+2Yxm5j/Za0Mo4tgJJI0Q56w2UNRJgkqMmmBdIXmDOXQAmVa2F0J61NNGdquCrYEf/HLy1A/Lfte2b89K1Wun2Z15OEQjuAEfDiHClxBFWrAIINneIU359F5cd6dj9lozplXeAB/5Hz+AGDrk/o=</latexit>

m
<latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit>

m
<latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit>

x2 = Wx1,
<latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit>

x2 = W (x1 �m), mi ⇠ Bernoulli(p),

<latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit>

x2<latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit>

x1<latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit>

x1<latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit>

x2<latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit>
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W
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>

— weight matrixLinear layer:

With dropout: p
<latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit>

— dropout rate

W
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>= �

<latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit>

W
<latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit><latexit sha1_base64="E9ZKdQN1BYOHVQGnFlYAFO6pfZo=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9VbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDc6o1k</latexit>= �

<latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit>

,
<latexit sha1_base64="4xJ6j3RhWpBwh8c7sMPqQcnnu3w=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI4IuC24EXVSwD2iHkkkzbWhmMiR3lFoK/g83LhRx609x578xfSy09UDg45wbcnPCVAqDnvft5FZW19Y38puFre2d3aK7t183KtOM15iSSjdDargUCa+hQMmbqeY0DiVvhIPLSd6459oIldzhMOVBTHuJiASjaK2OW2zf8Ai16PWRaq0eOm7JK3tTkWXw51CCuaod96vdVSyLeYJMUmNavpdiMKIaBZN8XGhnhqeUDWiPtywmNOYmGE0XH5Nj63RJpLQ9CZKp+/vGiMbGDOPQTsYU+2Yxm5j/Za0Mo4tgJJI0Q56w2UNRJgkqMmmBdIXmDOXQAmVa2F0J61NNGdquCrYEf/HLy1A/Lfte2b89K1Wun2Z15OEQjuAEfDiHClxBFWrAIINneIU359F5cd6dj9lozplXeAB/5Hz+AGDrk/o=</latexit><latexit sha1_base64="4xJ6j3RhWpBwh8c7sMPqQcnnu3w=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI4IuC24EXVSwD2iHkkkzbWhmMiR3lFoK/g83LhRx609x578xfSy09UDg45wbcnPCVAqDnvft5FZW19Y38puFre2d3aK7t183KtOM15iSSjdDargUCa+hQMmbqeY0DiVvhIPLSd6459oIldzhMOVBTHuJiASjaK2OW2zf8Ai16PWRaq0eOm7JK3tTkWXw51CCuaod96vdVSyLeYJMUmNavpdiMKIaBZN8XGhnhqeUDWiPtywmNOYmGE0XH5Nj63RJpLQ9CZKp+/vGiMbGDOPQTsYU+2Yxm5j/Za0Mo4tgJJI0Q56w2UNRJgkqMmmBdIXmDOXQAmVa2F0J61NNGdquCrYEf/HLy1A/Lfte2b89K1Wun2Z15OEQjuAEfDiHClxBFWrAIINneIU359F5cd6dj9lozplXeAB/5Hz+AGDrk/o=</latexit><latexit sha1_base64="4xJ6j3RhWpBwh8c7sMPqQcnnu3w=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI4IuC24EXVSwD2iHkkkzbWhmMiR3lFoK/g83LhRx609x578xfSy09UDg45wbcnPCVAqDnvft5FZW19Y38puFre2d3aK7t183KtOM15iSSjdDargUCa+hQMmbqeY0DiVvhIPLSd6459oIldzhMOVBTHuJiASjaK2OW2zf8Ai16PWRaq0eOm7JK3tTkWXw51CCuaod96vdVSyLeYJMUmNavpdiMKIaBZN8XGhnhqeUDWiPtywmNOYmGE0XH5Nj63RJpLQ9CZKp+/vGiMbGDOPQTsYU+2Yxm5j/Za0Mo4tgJJI0Q56w2UNRJgkqMmmBdIXmDOXQAmVa2F0J61NNGdquCrYEf/HLy1A/Lfte2b89K1Wun2Z15OEQjuAEfDiHClxBFWrAIINneIU359F5cd6dj9lozplXeAB/5Hz+AGDrk/o=</latexit><latexit sha1_base64="4xJ6j3RhWpBwh8c7sMPqQcnnu3w=">AAAB+HicbZBLSwMxFIXv1Fetj466dBMsgqsyI4IuC24EXVSwD2iHkkkzbWhmMiR3lFoK/g83LhRx609x578xfSy09UDg45wbcnPCVAqDnvft5FZW19Y38puFre2d3aK7t183KtOM15iSSjdDargUCa+hQMmbqeY0DiVvhIPLSd6459oIldzhMOVBTHuJiASjaK2OW2zf8Ai16PWRaq0eOm7JK3tTkWXw51CCuaod96vdVSyLeYJMUmNavpdiMKIaBZN8XGhnhqeUDWiPtywmNOYmGE0XH5Nj63RJpLQ9CZKp+/vGiMbGDOPQTsYU+2Yxm5j/Za0Mo4tgJJI0Q56w2UNRJgkqMmmBdIXmDOXQAmVa2F0J61NNGdquCrYEf/HLy1A/Lfte2b89K1Wun2Z15OEQjuAEfDiHClxBFWrAIINneIU359F5cd6dj9lozplXeAB/5Hz+AGDrk/o=</latexit>

m
<latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit>

m
<latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit><latexit sha1_base64="ncFkNdBHmElYp2tc9mIBEDDVAVg=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5E0DJgI9gkYD4gOcLeZpKs2d07dveEcATsbSwUsfUn2flv3HwUmvhg4PHeDDPzokRwY33/28utrW9sbuW3Czu7e/sHxcOjholTzbDOYhHrVkQNCq6wbrkV2Eo0UhkJbEajm6nffERteKzu7TjBUNKB4n3OqHVSTXaLJb/sz0BWSbAgJVig2i1+dXoxSyUqywQ1ph34iQ0zqi1nAieFTmowoWxEB9h2VFGJJsxmh07ImVN6pB9rV8qSmfp7IqPSmLGMXKekdmiWvan4n9dObf86zLhKUouKzRf1U0FsTKZfkx7XyKwYO0KZ5u5WwoZUU2ZdNgUXQrD88ippXJQDvxzULkuVu6d5HHk4gVM4hwCuoAK3UIU6MEB4hld48x68F+/d+5i35rxFhMfwB97nD/5CjXo=</latexit>

x2 = Wx1,
<latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit><latexit sha1_base64="NX1/DJPPLLTleJU1x5n3FKGmRSM=">AAAB83icbZBLSwMxFIXv+Kz1VXXpJlgEF1JmiqAboeBGcFPBPqAdhkyaaUMzmSG5Iy2l4K9w40IRt/4Zd/4b08dCWw8EPs65ITcnTKUw6Lrfzsrq2vrGZm4rv72zu7dfODismyTTjNdYIhPdDKnhUiheQ4GSN1PNaRxK3gj7N5O88ci1EYl6wGHK/Zh2lYgEo2it9iAok2vSIIPAOw8KRbfkTkWWwZtDEeaqBoWvdidhWcwVMkmNaXluiv6IahRM8nG+nRmeUtanXd6yqGjMjT+a7jwmp9bpkCjR9igkU/f3jRGNjRnGoZ2MKfbMYjYx/8taGUZX/kioNEOu2OyhKJMEEzIpgHSE5gzl0AJlWthdCetRTRnamvK2BG/xy8tQL5c8t+TdXxQrd0+zOnJwDCdwBh5cQgVuoQo1YJDCM7zCm5M5L8678zEbXXHmFR7BHzmfP9h7kKw=</latexit>

x2 = W (x1 �m), mi ⇠ Bernoulli(p),

<latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit><latexit sha1_base64="nUaX+pgYlbAKVzDztEJxS/4WApE="></latexit>

Applying dropout means 
sampling weights!

x1<latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit>

x2<latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit>

x1<latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit><latexit sha1_base64="cUb1X8omCBhBGIvAXPvG0NPEhE0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPBi+Clov2ANpTNdtMu3WzC7kQsoeAf8OJBEa/+Im/+GzdtD9r6YODx3gwz84JECoOu++0UVlbX1jeKm6Wt7Z3dvfL+QdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLrK/dYD10bE6h7HCfcjOlAiFIyile4ee16vXHGr7hRkmXhzUoE56r3yV7cfszTiCpmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LFU04sbPpqdOyIlV+iSMtS2FZKr+nshoZMw4CmxnRHFoFr1c/M/rpBhe+plQSYpcsdmiMJUEY5L/TfpCc4ZybAllWthbCRtSTRnadEo2BG/x5WXSPKt6btW7Pa/Ubp5mcRThCI7hFDy4gBpcQx0awGAAz/AKb450Xpx352PWWnDmER7CHzifPzRljik=</latexit>

x2<latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit><latexit sha1_base64="ianQ1zG0E1qQFQ56lweYhJ8LOIs=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKewGIR4DXgQvEc0DkiXMTmaTIbOzy0yvGJaAP+DFgyJe/SJv/o2Tx0ETCxqKqm66u4JECoOu++3k1tY3Nrfy24Wd3b39g+LhUdPEqWa8wWIZ63ZADZdC8QYKlLydaE6jQPJWMLqa+q0Hro2I1T2OE+5HdKBEKBhFK9099iq9YsktuzOQVeItSAkWqPeKX91+zNKIK2SSGtPx3AT9jGoUTPJJoZsanlA2ogPesVTRiBs/m506IWdW6ZMw1rYUkpn6eyKjkTHjKLCdEcWhWfam4n9eJ8Xw0s+ESlLkis0XhakkGJPp36QvNGcox5ZQpoW9lbAh1ZShTadgQ/CWX14lzUrZc8ve7UWpdvM0jyMPJ3AK5+BBFWpwDXVoAIMBPMMrvDnSeXHenY95a85ZRHgMf+B8/gA16Y4q</latexit>
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Example: binary dropout

�
<latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit>

m1 m2 m3 . . .
<latexit sha1_base64="CnDrmQLN+YZzd/vAVEIhkUa7Qjg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLghvBTQX7gDaEyXTSDp1JwsyNUEJF8FfcuFDErX/hzr9xmnahrQfmcjjnXu7cEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Grit+6Z0jyO7mCUME+SfsRDTgkYybcPpO92T7H0q3k9M7Xbi0Fj3y47FScHXiTujJTRDHXf/jKDNJUsAiqI1h3XScDLiAJOBRuXuqlmCaFD0mcdQyMimfay/IIxPjZKD4exMi8CnKu/JzIitR7JwHRKAgM9703E/7xOCuGll/EoSYFFdLooTAWGGE/iwD2uGAUxMoRQxc1fMR0QRSiY0EomBHf+5EXSrFZcp+LenpdrN4/TOIroEB2hE+SiC1RD16iOGoiiB/SMXtGb9WS9WO/Wx7S1YM0i3Ed/YH3+AE5mlUw=</latexit><latexit sha1_base64="CnDrmQLN+YZzd/vAVEIhkUa7Qjg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLghvBTQX7gDaEyXTSDp1JwsyNUEJF8FfcuFDErX/hzr9xmnahrQfmcjjnXu7cEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Grit+6Z0jyO7mCUME+SfsRDTgkYybcPpO92T7H0q3k9M7Xbi0Fj3y47FScHXiTujJTRDHXf/jKDNJUsAiqI1h3XScDLiAJOBRuXuqlmCaFD0mcdQyMimfay/IIxPjZKD4exMi8CnKu/JzIitR7JwHRKAgM9703E/7xOCuGll/EoSYFFdLooTAWGGE/iwD2uGAUxMoRQxc1fMR0QRSiY0EomBHf+5EXSrFZcp+LenpdrN4/TOIroEB2hE+SiC1RD16iOGoiiB/SMXtGb9WS9WO/Wx7S1YM0i3Ed/YH3+AE5mlUw=</latexit><latexit sha1_base64="CnDrmQLN+YZzd/vAVEIhkUa7Qjg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLghvBTQX7gDaEyXTSDp1JwsyNUEJF8FfcuFDErX/hzr9xmnahrQfmcjjnXu7cEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Grit+6Z0jyO7mCUME+SfsRDTgkYybcPpO92T7H0q3k9M7Xbi0Fj3y47FScHXiTujJTRDHXf/jKDNJUsAiqI1h3XScDLiAJOBRuXuqlmCaFD0mcdQyMimfay/IIxPjZKD4exMi8CnKu/JzIitR7JwHRKAgM9703E/7xOCuGll/EoSYFFdLooTAWGGE/iwD2uGAUxMoRQxc1fMR0QRSiY0EomBHf+5EXSrFZcp+LenpdrN4/TOIroEB2hE+SiC1RD16iOGoiiB/SMXtGb9WS9WO/Wx7S1YM0i3Ed/YH3+AE5mlUw=</latexit><latexit sha1_base64="CnDrmQLN+YZzd/vAVEIhkUa7Qjg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLghvBTQX7gDaEyXTSDp1JwsyNUEJF8FfcuFDErX/hzr9xmnahrQfmcjjnXu7cEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Grit+6Z0jyO7mCUME+SfsRDTgkYybcPpO92T7H0q3k9M7Xbi0Fj3y47FScHXiTujJTRDHXf/jKDNJUsAiqI1h3XScDLiAJOBRuXuqlmCaFD0mcdQyMimfay/IIxPjZKD4exMi8CnKu/JzIitR7JwHRKAgM9703E/7xOCuGll/EoSYFFdLooTAWGGE/iwD2uGAUxMoRQxc1fMR0QRSiY0EomBHf+5EXSrFZcp+LenpdrN4/TOIroEB2hE+SiC1RD16iOGoiiB/SMXtGb9WS9WO/Wx7S1YM0i3Ed/YH3+AE5mlUw=</latexit>

µ1 µ2 µ3 . . .
<latexit sha1_base64="uCzBMgXTdHp+bWcGVnji/qM2rZs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBV0W3AhuKtgHtCFMptN26EwSZm6EEgou3Pgrblwo4tZfcOffOGmz0NYLwzmccy937gliwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOEkVZg0YiUu2AaCZ4yBrAQbB2rBiRgWCtYHSV+a17pjSPwjsYx8yTZBDyPqcEjOTbh12Z+G73FGdYzfEsw14EGvt22ak408KLxM1JGeVV9+0vM0gTyUKggmjdcZ0YvJQo4FSwSambaBYTOiID1jE0JJJpL53eMcHHRunhfqTMCwFP1d8TKZFaj2VgOiWBoZ73MvE/r5NA/9JLeRgnwEI6W9RPBIYIZ6HgHleMghgbQqji5q+YDokiFEx0JROCO3/yImlWK65TcW/Py7Wbh1kcRXSAjtAJctEFqqFrVEcNRNEjekav6M16sl6sd+tj1lqw8gj30Z+yPn8AIBmX+w==</latexit><latexit sha1_base64="uCzBMgXTdHp+bWcGVnji/qM2rZs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBV0W3AhuKtgHtCFMptN26EwSZm6EEgou3Pgrblwo4tZfcOffOGmz0NYLwzmccy937gliwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOEkVZg0YiUu2AaCZ4yBrAQbB2rBiRgWCtYHSV+a17pjSPwjsYx8yTZBDyPqcEjOTbh12Z+G73FGdYzfEsw14EGvt22ak408KLxM1JGeVV9+0vM0gTyUKggmjdcZ0YvJQo4FSwSambaBYTOiID1jE0JJJpL53eMcHHRunhfqTMCwFP1d8TKZFaj2VgOiWBoZ73MvE/r5NA/9JLeRgnwEI6W9RPBIYIZ6HgHleMghgbQqji5q+YDokiFEx0JROCO3/yImlWK65TcW/Py7Wbh1kcRXSAjtAJctEFqqFrVEcNRNEjekav6M16sl6sd+tj1lqw8gj30Z+yPn8AIBmX+w==</latexit><latexit sha1_base64="uCzBMgXTdHp+bWcGVnji/qM2rZs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBV0W3AhuKtgHtCFMptN26EwSZm6EEgou3Pgrblwo4tZfcOffOGmz0NYLwzmccy937gliwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOEkVZg0YiUu2AaCZ4yBrAQbB2rBiRgWCtYHSV+a17pjSPwjsYx8yTZBDyPqcEjOTbh12Z+G73FGdYzfEsw14EGvt22ak408KLxM1JGeVV9+0vM0gTyUKggmjdcZ0YvJQo4FSwSambaBYTOiID1jE0JJJpL53eMcHHRunhfqTMCwFP1d8TKZFaj2VgOiWBoZ73MvE/r5NA/9JLeRgnwEI6W9RPBIYIZ6HgHleMghgbQqji5q+YDokiFEx0JROCO3/yImlWK65TcW/Py7Wbh1kcRXSAjtAJctEFqqFrVEcNRNEjekav6M16sl6sd+tj1lqw8gj30Z+yPn8AIBmX+w==</latexit><latexit sha1_base64="uCzBMgXTdHp+bWcGVnji/qM2rZs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBV0W3AhuKtgHtCFMptN26EwSZm6EEgou3Pgrblwo4tZfcOffOGmz0NYLwzmccy937gliwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOEkVZg0YiUu2AaCZ4yBrAQbB2rBiRgWCtYHSV+a17pjSPwjsYx8yTZBDyPqcEjOTbh12Z+G73FGdYzfEsw14EGvt22ak408KLxM1JGeVV9+0vM0gTyUKggmjdcZ0YvJQo4FSwSambaBYTOiID1jE0JJJpL53eMcHHRunhfqTMCwFP1d8TKZFaj2VgOiWBoZ73MvE/r5NA/9JLeRgnwEI6W9RPBIYIZ6HgHleMghgbQqji5q+YDokiFEx0JROCO3/yImlWK65TcW/Py7Wbh1kcRXSAjtAJctEFqqFrVEcNRNEjekav6M16sl6sd+tj1lqw8gj30Z+yPn8AIBmX+w==</latexit>

Gal, Yarin and Ghahramani, Zoubin.  
Dropout as a Bayesian Approximation: Representing Model Uncertainty in Deep Learning. ICML 2016

Weight matrix: wi = f(µi,mi) = µi ·mi
<latexit sha1_base64="hoRWRkMIR0OYaDCO0ILNl3oRgqA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoigm6EghvBTQX7gCaEyWTSDp1JwsxEKaHg3o2/4saFIm5du/NvnKRdaOuBC+eec4e59/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MU4FJG8csFj0fScJoRNqKKkZ6iSCI+4x0/dFl7nfviJA0jm7VOCEuR4OIhhQjpSXPrN17FF7AsO7w1KPHkHv0SPdFBx0cxCqXPLNqNawCcJHYM1IFM7Q888sJYpxyEinMkJR920qUmyGhKGZkUnFSSRKER2hA+ppGiBPpZsU5E1jTSgDDWOiKFCzU3y8yxKUcc19PcqSGct7Lxf+8fqrCczejUZIqEuHpR2HKoIphng0MqCBYsbEmCAuqd4V4iATCSidY0SHY8ycvks5Jw7Ya9s1ptXn9MI2jDA7AIagDG5yBJrgCLdAGGDyCZ/AK3own48V4Nz6moyVjFuE++APj8wf+c5qe</latexit><latexit sha1_base64="hoRWRkMIR0OYaDCO0ILNl3oRgqA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoigm6EghvBTQX7gCaEyWTSDp1JwsxEKaHg3o2/4saFIm5du/NvnKRdaOuBC+eec4e59/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MU4FJG8csFj0fScJoRNqKKkZ6iSCI+4x0/dFl7nfviJA0jm7VOCEuR4OIhhQjpSXPrN17FF7AsO7w1KPHkHv0SPdFBx0cxCqXPLNqNawCcJHYM1IFM7Q888sJYpxyEinMkJR920qUmyGhKGZkUnFSSRKER2hA+ppGiBPpZsU5E1jTSgDDWOiKFCzU3y8yxKUcc19PcqSGct7Lxf+8fqrCczejUZIqEuHpR2HKoIphng0MqCBYsbEmCAuqd4V4iATCSidY0SHY8ycvks5Jw7Ya9s1ptXn9MI2jDA7AIagDG5yBJrgCLdAGGDyCZ/AK3own48V4Nz6moyVjFuE++APj8wf+c5qe</latexit><latexit sha1_base64="hoRWRkMIR0OYaDCO0ILNl3oRgqA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoigm6EghvBTQX7gCaEyWTSDp1JwsxEKaHg3o2/4saFIm5du/NvnKRdaOuBC+eec4e59/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MU4FJG8csFj0fScJoRNqKKkZ6iSCI+4x0/dFl7nfviJA0jm7VOCEuR4OIhhQjpSXPrN17FF7AsO7w1KPHkHv0SPdFBx0cxCqXPLNqNawCcJHYM1IFM7Q888sJYpxyEinMkJR920qUmyGhKGZkUnFSSRKER2hA+ppGiBPpZsU5E1jTSgDDWOiKFCzU3y8yxKUcc19PcqSGct7Lxf+8fqrCczejUZIqEuHpR2HKoIphng0MqCBYsbEmCAuqd4V4iATCSidY0SHY8ycvks5Jw7Ya9s1ptXn9MI2jDA7AIagDG5yBJrgCLdAGGDyCZ/AK3own48V4Nz6moyVjFuE++APj8wf+c5qe</latexit><latexit sha1_base64="hoRWRkMIR0OYaDCO0ILNl3oRgqA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoigm6EghvBTQX7gCaEyWTSDp1JwsxEKaHg3o2/4saFIm5du/NvnKRdaOuBC+eec4e59/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MU4FJG8csFj0fScJoRNqKKkZ6iSCI+4x0/dFl7nfviJA0jm7VOCEuR4OIhhQjpSXPrN17FF7AsO7w1KPHkHv0SPdFBx0cxCqXPLNqNawCcJHYM1IFM7Q888sJYpxyEinMkJR920qUmyGhKGZkUnFSSRKER2hA+ppGiBPpZsU5E1jTSgDDWOiKFCzU3y8yxKUcc19PcqSGct7Lxf+8fqrCczejUZIqEuHpR2HKoIphng0MqCBYsbEmCAuqd4V4iATCSidY0SHY8ycvks5Jw7Ya9s1ptXn9MI2jDA7AIagDG5yBJrgCLdAGGDyCZ/AK3own48V4Nz6moyVjFuE++APj8wf+c5qe</latexit>

reparametrization

is a fixed hyperparameter!p
<latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit><latexit sha1_base64="7FAYGK0lH8WMppQZbrqRzjzprAU=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9bTnlr2KNwNZJf6ClGGBWs/96vYTlsUoDRNU647vpSbIqTKcCZyUupnGlLIRHWDHUklj1EE+O3RCzqzSJ1GibElDZurviZzGWo/j0HbG1Az1sjcV//M6mYmug5zLNDMo2XxRlAliEjL9mvS5QmbE2BLKFLe3EjakijJjsynZEPzll1dJ86LiexW/flmu3j3N4yjCCZzCOfhwBVW4hRo0gAHCM7zCm/PgvDjvzse8teAsIjyGP3A+fwAC3Y19</latexit>

mi ⇠ Bernoulli(p)
<latexit sha1_base64="owLsErgx8ec3rZ2Sx0CTOwLEV7Y=">AAACBXicbZBLSwMxFIUzPmt9jbrURbAIdVNmRNBl0Y3gRsHaQltKJr1tQ5PMkNwRy1AQN/4VNy4Ucet/cOe/MX0sfB0IfJxzQ3JPlEhhMQg+vZnZufmFxdxSfnlldW3d39i8tnFqOFR4LGNTi5gFKTRUUKCEWmKAqUhCNeqfjvLqDRgrYn2FgwSainW16AjO0Fktf0e1BG1YoWgD4RazEzA6TqUUw2Ky3/ILQSkYi/6FcAoFMtVFy/9otGOeKtDIJbO2HgYJNjNmUHAJw3wjtZAw3mddqDvUTIFtZuMthnTPOW3aiY07GunY/X4jY8ragYrcpGLYs7+zkflfVk+xc9zMhE5SBM0nD3VSSTGmo0poWxjgKAcOGDfC/ZXyHjOMoysu70oIf6/8F64PSmFQCi8PC+Xzu0kdObJNdkmRhOSIlMkZuSAVwsk9eSTP5MV78J68V+9tMjrjTSvcIj/kvX8BY+6Y7A==</latexit><latexit sha1_base64="owLsErgx8ec3rZ2Sx0CTOwLEV7Y=">AAACBXicbZBLSwMxFIUzPmt9jbrURbAIdVNmRNBl0Y3gRsHaQltKJr1tQ5PMkNwRy1AQN/4VNy4Ucet/cOe/MX0sfB0IfJxzQ3JPlEhhMQg+vZnZufmFxdxSfnlldW3d39i8tnFqOFR4LGNTi5gFKTRUUKCEWmKAqUhCNeqfjvLqDRgrYn2FgwSainW16AjO0Fktf0e1BG1YoWgD4RazEzA6TqUUw2Ky3/ILQSkYi/6FcAoFMtVFy/9otGOeKtDIJbO2HgYJNjNmUHAJw3wjtZAw3mddqDvUTIFtZuMthnTPOW3aiY07GunY/X4jY8ragYrcpGLYs7+zkflfVk+xc9zMhE5SBM0nD3VSSTGmo0poWxjgKAcOGDfC/ZXyHjOMoysu70oIf6/8F64PSmFQCi8PC+Xzu0kdObJNdkmRhOSIlMkZuSAVwsk9eSTP5MV78J68V+9tMjrjTSvcIj/kvX8BY+6Y7A==</latexit><latexit sha1_base64="owLsErgx8ec3rZ2Sx0CTOwLEV7Y=">AAACBXicbZBLSwMxFIUzPmt9jbrURbAIdVNmRNBl0Y3gRsHaQltKJr1tQ5PMkNwRy1AQN/4VNy4Ucet/cOe/MX0sfB0IfJxzQ3JPlEhhMQg+vZnZufmFxdxSfnlldW3d39i8tnFqOFR4LGNTi5gFKTRUUKCEWmKAqUhCNeqfjvLqDRgrYn2FgwSainW16AjO0Fktf0e1BG1YoWgD4RazEzA6TqUUw2Ky3/ILQSkYi/6FcAoFMtVFy/9otGOeKtDIJbO2HgYJNjNmUHAJw3wjtZAw3mddqDvUTIFtZuMthnTPOW3aiY07GunY/X4jY8ragYrcpGLYs7+zkflfVk+xc9zMhE5SBM0nD3VSSTGmo0poWxjgKAcOGDfC/ZXyHjOMoysu70oIf6/8F64PSmFQCi8PC+Xzu0kdObJNdkmRhOSIlMkZuSAVwsk9eSTP5MV78J68V+9tMjrjTSvcIj/kvX8BY+6Y7A==</latexit><latexit sha1_base64="owLsErgx8ec3rZ2Sx0CTOwLEV7Y=">AAACBXicbZBLSwMxFIUzPmt9jbrURbAIdVNmRNBl0Y3gRsHaQltKJr1tQ5PMkNwRy1AQN/4VNy4Ucet/cOe/MX0sfB0IfJxzQ3JPlEhhMQg+vZnZufmFxdxSfnlldW3d39i8tnFqOFR4LGNTi5gFKTRUUKCEWmKAqUhCNeqfjvLqDRgrYn2FgwSainW16AjO0Fktf0e1BG1YoWgD4RazEzA6TqUUw2Ky3/ILQSkYi/6FcAoFMtVFy/9otGOeKtDIJbO2HgYJNjNmUHAJw3wjtZAw3mddqDvUTIFtZuMthnTPOW3aiY07GunY/X4jY8ragYrcpGLYs7+zkflfVk+xc9zMhE5SBM0nD3VSSTGmo0poWxjgKAcOGDfC/ZXyHjOMoysu70oIf6/8F64PSmFQCi8PC+Xzu0kdObJNdkmRhOSIlMkZuSAVwsk9eSTP5MV78J68V+9tMjrjTSvcIj/kvX8BY+6Y7A==</latexit>

0 or 1!
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Example: binary dropout

�
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Gal, Yarin and Ghahramani, Zoubin.  
Dropout as a Bayesian Approximation: Representing Model Uncertainty in Deep Learning. ICML 2016

is a fixed hyperparameter!p
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q(W |µ) =
Y

i

q(wi|µi)
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q(wi|µi) = p �(0) + (1� p) �(µi)
<latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit>

wi = f(µi,mi) = µi ·mi
<latexit sha1_base64="hoRWRkMIR0OYaDCO0ILNl3oRgqA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoigm6EghvBTQX7gCaEyWTSDp1JwsxEKaHg3o2/4saFIm5du/NvnKRdaOuBC+eec4e59/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MU4FJG8csFj0fScJoRNqKKkZ6iSCI+4x0/dFl7nfviJA0jm7VOCEuR4OIhhQjpSXPrN17FF7AsO7w1KPHkHv0SPdFBx0cxCqXPLNqNawCcJHYM1IFM7Q888sJYpxyEinMkJR920qUmyGhKGZkUnFSSRKER2hA+ppGiBPpZsU5E1jTSgDDWOiKFCzU3y8yxKUcc19PcqSGct7Lxf+8fqrCczejUZIqEuHpR2HKoIphng0MqCBYsbEmCAuqd4V4iATCSidY0SHY8ycvks5Jw7Ya9s1ptXn9MI2jDA7AIagDG5yBJrgCLdAGGDyCZ/AK3own48V4Nz6moyVjFuE++APj8wf+c5qe</latexit><latexit sha1_base64="hoRWRkMIR0OYaDCO0ILNl3oRgqA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoigm6EghvBTQX7gCaEyWTSDp1JwsxEKaHg3o2/4saFIm5du/NvnKRdaOuBC+eec4e59/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MU4FJG8csFj0fScJoRNqKKkZ6iSCI+4x0/dFl7nfviJA0jm7VOCEuR4OIhhQjpSXPrN17FF7AsO7w1KPHkHv0SPdFBx0cxCqXPLNqNawCcJHYM1IFM7Q888sJYpxyEinMkJR920qUmyGhKGZkUnFSSRKER2hA+ppGiBPpZsU5E1jTSgDDWOiKFCzU3y8yxKUcc19PcqSGct7Lxf+8fqrCczejUZIqEuHpR2HKoIphng0MqCBYsbEmCAuqd4V4iATCSidY0SHY8ycvks5Jw7Ya9s1ptXn9MI2jDA7AIagDG5yBJrgCLdAGGDyCZ/AK3own48V4Nz6moyVjFuE++APj8wf+c5qe</latexit><latexit sha1_base64="hoRWRkMIR0OYaDCO0ILNl3oRgqA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoigm6EghvBTQX7gCaEyWTSDp1JwsxEKaHg3o2/4saFIm5du/NvnKRdaOuBC+eec4e59/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MU4FJG8csFj0fScJoRNqKKkZ6iSCI+4x0/dFl7nfviJA0jm7VOCEuR4OIhhQjpSXPrN17FF7AsO7w1KPHkHv0SPdFBx0cxCqXPLNqNawCcJHYM1IFM7Q888sJYpxyEinMkJR920qUmyGhKGZkUnFSSRKER2hA+ppGiBPpZsU5E1jTSgDDWOiKFCzU3y8yxKUcc19PcqSGct7Lxf+8fqrCczejUZIqEuHpR2HKoIphng0MqCBYsbEmCAuqd4V4iATCSidY0SHY8ycvks5Jw7Ya9s1ptXn9MI2jDA7AIagDG5yBJrgCLdAGGDyCZ/AK3own48V4Nz6moyVjFuE++APj8wf+c5qe</latexit><latexit sha1_base64="hoRWRkMIR0OYaDCO0ILNl3oRgqA=">AAACDnicbVDLSsNAFJ3UV62vqEs3g6VQQUoigm6EghvBTQX7gCaEyWTSDp1JwsxEKaHg3o2/4saFIm5du/NvnKRdaOuBC+eec4e59/gJo1JZ1rdRWlpeWV0rr1c2Nre2d8zdvY6MU4FJG8csFj0fScJoRNqKKkZ6iSCI+4x0/dFl7nfviJA0jm7VOCEuR4OIhhQjpSXPrN17FF7AsO7w1KPHkHv0SPdFBx0cxCqXPLNqNawCcJHYM1IFM7Q888sJYpxyEinMkJR920qUmyGhKGZkUnFSSRKER2hA+ppGiBPpZsU5E1jTSgDDWOiKFCzU3y8yxKUcc19PcqSGct7Lxf+8fqrCczejUZIqEuHpR2HKoIphng0MqCBYsbEmCAuqd4V4iATCSidY0SHY8ycvks5Jw7Ya9s1ptXn9MI2jDA7AIagDG5yBJrgCLdAGGDyCZ/AK3own48V4Nz6moyVjFuE++APj8wf+c5qe</latexit>

reparametrization
Weight matrix:

mi ⇠ Bernoulli(p)
<latexit sha1_base64="owLsErgx8ec3rZ2Sx0CTOwLEV7Y=">AAACBXicbZBLSwMxFIUzPmt9jbrURbAIdVNmRNBl0Y3gRsHaQltKJr1tQ5PMkNwRy1AQN/4VNy4Ucet/cOe/MX0sfB0IfJxzQ3JPlEhhMQg+vZnZufmFxdxSfnlldW3d39i8tnFqOFR4LGNTi5gFKTRUUKCEWmKAqUhCNeqfjvLqDRgrYn2FgwSainW16AjO0Fktf0e1BG1YoWgD4RazEzA6TqUUw2Ky3/ILQSkYi/6FcAoFMtVFy/9otGOeKtDIJbO2HgYJNjNmUHAJw3wjtZAw3mddqDvUTIFtZuMthnTPOW3aiY07GunY/X4jY8ragYrcpGLYs7+zkflfVk+xc9zMhE5SBM0nD3VSSTGmo0poWxjgKAcOGDfC/ZXyHjOMoysu70oIf6/8F64PSmFQCi8PC+Xzu0kdObJNdkmRhOSIlMkZuSAVwsk9eSTP5MV78J68V+9tMjrjTSvcIj/kvX8BY+6Y7A==</latexit><latexit sha1_base64="owLsErgx8ec3rZ2Sx0CTOwLEV7Y=">AAACBXicbZBLSwMxFIUzPmt9jbrURbAIdVNmRNBl0Y3gRsHaQltKJr1tQ5PMkNwRy1AQN/4VNy4Ucet/cOe/MX0sfB0IfJxzQ3JPlEhhMQg+vZnZufmFxdxSfnlldW3d39i8tnFqOFR4LGNTi5gFKTRUUKCEWmKAqUhCNeqfjvLqDRgrYn2FgwSainW16AjO0Fktf0e1BG1YoWgD4RazEzA6TqUUw2Ky3/ILQSkYi/6FcAoFMtVFy/9otGOeKtDIJbO2HgYJNjNmUHAJw3wjtZAw3mddqDvUTIFtZuMthnTPOW3aiY07GunY/X4jY8ragYrcpGLYs7+zkflfVk+xc9zMhE5SBM0nD3VSSTGmo0poWxjgKAcOGDfC/ZXyHjOMoysu70oIf6/8F64PSmFQCi8PC+Xzu0kdObJNdkmRhOSIlMkZuSAVwsk9eSTP5MV78J68V+9tMjrjTSvcIj/kvX8BY+6Y7A==</latexit><latexit sha1_base64="owLsErgx8ec3rZ2Sx0CTOwLEV7Y=">AAACBXicbZBLSwMxFIUzPmt9jbrURbAIdVNmRNBl0Y3gRsHaQltKJr1tQ5PMkNwRy1AQN/4VNy4Ucet/cOe/MX0sfB0IfJxzQ3JPlEhhMQg+vZnZufmFxdxSfnlldW3d39i8tnFqOFR4LGNTi5gFKTRUUKCEWmKAqUhCNeqfjvLqDRgrYn2FgwSainW16AjO0Fktf0e1BG1YoWgD4RazEzA6TqUUw2Ky3/ILQSkYi/6FcAoFMtVFy/9otGOeKtDIJbO2HgYJNjNmUHAJw3wjtZAw3mddqDvUTIFtZuMthnTPOW3aiY07GunY/X4jY8ragYrcpGLYs7+zkflfVk+xc9zMhE5SBM0nD3VSSTGmo0poWxjgKAcOGDfC/ZXyHjOMoysu70oIf6/8F64PSmFQCi8PC+Xzu0kdObJNdkmRhOSIlMkZuSAVwsk9eSTP5MV78J68V+9tMjrjTSvcIj/kvX8BY+6Y7A==</latexit><latexit sha1_base64="owLsErgx8ec3rZ2Sx0CTOwLEV7Y=">AAACBXicbZBLSwMxFIUzPmt9jbrURbAIdVNmRNBl0Y3gRsHaQltKJr1tQ5PMkNwRy1AQN/4VNy4Ucet/cOe/MX0sfB0IfJxzQ3JPlEhhMQg+vZnZufmFxdxSfnlldW3d39i8tnFqOFR4LGNTi5gFKTRUUKCEWmKAqUhCNeqfjvLqDRgrYn2FgwSainW16AjO0Fktf0e1BG1YoWgD4RazEzA6TqUUw2Ky3/ILQSkYi/6FcAoFMtVFy/9otGOeKtDIJbO2HgYJNjNmUHAJw3wjtZAw3mddqDvUTIFtZuMthnTPOW3aiY07GunY/X4jY8ragYrcpGLYs7+zkflfVk+xc9zMhE5SBM0nD3VSSTGmo0poWxjgKAcOGDfC/ZXyHjOMoysu70oIf6/8F64PSmFQCi8PC+Xzu0kdObJNdkmRhOSIlMkZuSAVwsk9eSTP5MV78J68V+9tMjrjTSvcIj/kvX8BY+6Y7A==</latexit>
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Example: binary dropout

q(W |µ) =
Y

i

q(wi|µi)
<latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit>

Prior:     ?

Approximate posterior:

q(wi|µi) = p �(0) + (1� p) �(µi)
<latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit>

Approximate KL-divergence:    ?

Gal, Yarin and Ghahramani, Zoubin.  
Dropout as a Bayesian Approximation: Representing Model Uncertainty in Deep Learning. ICML 2016

�
<latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit><latexit sha1_base64="a/b7563vpL49Po40iaW1KqScqpI=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69BIvgqSQi6LHgRfBSwbSFNpTNZtMu3eyG3YlQQsF/4MWDIl79Qd78N24/Dtr6YODx3gwz86JMcIOe9+2U1tY3NrfK25Wd3b39g+rhUcuoXFMWUCWU7kTEMMElC5CjYJ1MM5JGgrWj0c3Ubz8ybbiSDzjOWJiSgeQJpwStFPRUrLBfrXl1bwZ3lfgLUoMFmv3qVy9WNE+ZRCqIMV3fyzAsiEZOBZtUerlhGaEjMmBdSyVJmQmL2bET98wqsZsobUuiO1N/TxQkNWacRrYzJTg0y95U/M/r5phchwWXWY5M0vmiJBcuKnf6uRtzzSiKsSWEam5vdemQaELR5lOxIfjLL6+S1kXd9+r+/WWtcfc0j6MMJ3AK5+DDFTTgFpoQAAUOz/AKb450Xpx352PeWnIWER7DHzifPxQij0c=</latexit>

m1 m2 m3 . . .
<latexit sha1_base64="CnDrmQLN+YZzd/vAVEIhkUa7Qjg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLghvBTQX7gDaEyXTSDp1JwsyNUEJF8FfcuFDErX/hzr9xmnahrQfmcjjnXu7cEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Grit+6Z0jyO7mCUME+SfsRDTgkYybcPpO92T7H0q3k9M7Xbi0Fj3y47FScHXiTujJTRDHXf/jKDNJUsAiqI1h3XScDLiAJOBRuXuqlmCaFD0mcdQyMimfay/IIxPjZKD4exMi8CnKu/JzIitR7JwHRKAgM9703E/7xOCuGll/EoSYFFdLooTAWGGE/iwD2uGAUxMoRQxc1fMR0QRSiY0EomBHf+5EXSrFZcp+LenpdrN4/TOIroEB2hE+SiC1RD16iOGoiiB/SMXtGb9WS9WO/Wx7S1YM0i3Ed/YH3+AE5mlUw=</latexit><latexit sha1_base64="CnDrmQLN+YZzd/vAVEIhkUa7Qjg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLghvBTQX7gDaEyXTSDp1JwsyNUEJF8FfcuFDErX/hzr9xmnahrQfmcjjnXu7cEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Grit+6Z0jyO7mCUME+SfsRDTgkYybcPpO92T7H0q3k9M7Xbi0Fj3y47FScHXiTujJTRDHXf/jKDNJUsAiqI1h3XScDLiAJOBRuXuqlmCaFD0mcdQyMimfay/IIxPjZKD4exMi8CnKu/JzIitR7JwHRKAgM9703E/7xOCuGll/EoSYFFdLooTAWGGE/iwD2uGAUxMoRQxc1fMR0QRSiY0EomBHf+5EXSrFZcp+LenpdrN4/TOIroEB2hE+SiC1RD16iOGoiiB/SMXtGb9WS9WO/Wx7S1YM0i3Ed/YH3+AE5mlUw=</latexit><latexit sha1_base64="CnDrmQLN+YZzd/vAVEIhkUa7Qjg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLghvBTQX7gDaEyXTSDp1JwsyNUEJF8FfcuFDErX/hzr9xmnahrQfmcjjnXu7cEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Grit+6Z0jyO7mCUME+SfsRDTgkYybcPpO92T7H0q3k9M7Xbi0Fj3y47FScHXiTujJTRDHXf/jKDNJUsAiqI1h3XScDLiAJOBRuXuqlmCaFD0mcdQyMimfay/IIxPjZKD4exMi8CnKu/JzIitR7JwHRKAgM9703E/7xOCuGll/EoSYFFdLooTAWGGE/iwD2uGAUxMoRQxc1fMR0QRSiY0EomBHf+5EXSrFZcp+LenpdrN4/TOIroEB2hE+SiC1RD16iOGoiiB/SMXtGb9WS9WO/Wx7S1YM0i3Ed/YH3+AE5mlUw=</latexit><latexit sha1_base64="CnDrmQLN+YZzd/vAVEIhkUa7Qjg=">AAACAXicbVDLSsNAFJ3UV62vqBvBzWARXEhJqqDLghvBTQX7gDaEyXTSDp1JwsyNUEJF8FfcuFDErX/hzr9xmnahrQfmcjjnXu7cEySCa3Ccb6uwtLyyulZcL21sbm3v2Lt7TR2nirIGjUWs2gHRTPCINYCDYO1EMSIDwVrB8Grit+6Z0jyO7mCUME+SfsRDTgkYybcPpO92T7H0q3k9M7Xbi0Fj3y47FScHXiTujJTRDHXf/jKDNJUsAiqI1h3XScDLiAJOBRuXuqlmCaFD0mcdQyMimfay/IIxPjZKD4exMi8CnKu/JzIitR7JwHRKAgM9703E/7xOCuGll/EoSYFFdLooTAWGGE/iwD2uGAUxMoRQxc1fMR0QRSiY0EomBHf+5EXSrFZcp+LenpdrN4/TOIroEB2hE+SiC1RD16iOGoiiB/SMXtGb9WS9WO/Wx7S1YM0i3Ed/YH3+AE5mlUw=</latexit>

µ1 µ2 µ3 . . .
<latexit sha1_base64="uCzBMgXTdHp+bWcGVnji/qM2rZs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBV0W3AhuKtgHtCFMptN26EwSZm6EEgou3Pgrblwo4tZfcOffOGmz0NYLwzmccy937gliwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOEkVZg0YiUu2AaCZ4yBrAQbB2rBiRgWCtYHSV+a17pjSPwjsYx8yTZBDyPqcEjOTbh12Z+G73FGdYzfEsw14EGvt22ak408KLxM1JGeVV9+0vM0gTyUKggmjdcZ0YvJQo4FSwSambaBYTOiID1jE0JJJpL53eMcHHRunhfqTMCwFP1d8TKZFaj2VgOiWBoZ73MvE/r5NA/9JLeRgnwEI6W9RPBIYIZ6HgHleMghgbQqji5q+YDokiFEx0JROCO3/yImlWK65TcW/Py7Wbh1kcRXSAjtAJctEFqqFrVEcNRNEjekav6M16sl6sd+tj1lqw8gj30Z+yPn8AIBmX+w==</latexit><latexit sha1_base64="uCzBMgXTdHp+bWcGVnji/qM2rZs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBV0W3AhuKtgHtCFMptN26EwSZm6EEgou3Pgrblwo4tZfcOffOGmz0NYLwzmccy937gliwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOEkVZg0YiUu2AaCZ4yBrAQbB2rBiRgWCtYHSV+a17pjSPwjsYx8yTZBDyPqcEjOTbh12Z+G73FGdYzfEsw14EGvt22ak408KLxM1JGeVV9+0vM0gTyUKggmjdcZ0YvJQo4FSwSambaBYTOiID1jE0JJJpL53eMcHHRunhfqTMCwFP1d8TKZFaj2VgOiWBoZ73MvE/r5NA/9JLeRgnwEI6W9RPBIYIZ6HgHleMghgbQqji5q+YDokiFEx0JROCO3/yImlWK65TcW/Py7Wbh1kcRXSAjtAJctEFqqFrVEcNRNEjekav6M16sl6sd+tj1lqw8gj30Z+yPn8AIBmX+w==</latexit><latexit sha1_base64="uCzBMgXTdHp+bWcGVnji/qM2rZs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBV0W3AhuKtgHtCFMptN26EwSZm6EEgou3Pgrblwo4tZfcOffOGmz0NYLwzmccy937gliwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOEkVZg0YiUu2AaCZ4yBrAQbB2rBiRgWCtYHSV+a17pjSPwjsYx8yTZBDyPqcEjOTbh12Z+G73FGdYzfEsw14EGvt22ak408KLxM1JGeVV9+0vM0gTyUKggmjdcZ0YvJQo4FSwSambaBYTOiID1jE0JJJpL53eMcHHRunhfqTMCwFP1d8TKZFaj2VgOiWBoZ73MvE/r5NA/9JLeRgnwEI6W9RPBIYIZ6HgHleMghgbQqji5q+YDokiFEx0JROCO3/yImlWK65TcW/Py7Wbh1kcRXSAjtAJctEFqqFrVEcNRNEjekav6M16sl6sd+tj1lqw8gj30Z+yPn8AIBmX+w==</latexit><latexit sha1_base64="uCzBMgXTdHp+bWcGVnji/qM2rZs=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovgQkpSBV0W3AhuKtgHtCFMptN26EwSZm6EEgou3Pgrblwo4tZfcOffOGmz0NYLwzmccy937gliwTU4zrdVWFpeWV0rrpc2Nre2d+zdvaaOEkVZg0YiUu2AaCZ4yBrAQbB2rBiRgWCtYHSV+a17pjSPwjsYx8yTZBDyPqcEjOTbh12Z+G73FGdYzfEsw14EGvt22ak408KLxM1JGeVV9+0vM0gTyUKggmjdcZ0YvJQo4FSwSambaBYTOiID1jE0JJJpL53eMcHHRunhfqTMCwFP1d8TKZFaj2VgOiWBoZ73MvE/r5NA/9JLeRgnwEI6W9RPBIYIZ6HgHleMghgbQqji5q+YDokiFEx0JROCO3/yImlWK65TcW/Py7Wbh1kcRXSAjtAJctEFqqFrVEcNRNEjekav6M16sl6sd+tj1lqw8gj30Z+yPn8AIBmX+w==</latexit>

Weight matrix:
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Example: binary dropout
Prior: p(W ) =

Y

i,j

p(wij), p(wij) = N (0, 1)

<latexit sha1_base64="egahGQ+OIOBNui/GHFPhV86lI9c="></latexit><latexit sha1_base64="egahGQ+OIOBNui/GHFPhV86lI9c="></latexit><latexit sha1_base64="egahGQ+OIOBNui/GHFPhV86lI9c="></latexit><latexit sha1_base64="egahGQ+OIOBNui/GHFPhV86lI9c="></latexit>

Approximate posterior:

Gal, Yarin and Ghahramani, Zoubin.  
Dropout as a Bayesian Approximation: Representing Model Uncertainty in Deep Learning. ICML 2016

Approximate KL-divergence:    ?

q(W |µ) =
Y

i

q(wi|µi)
<latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit>

q(wi|µi) = p �(0) + (1� p) �(µi)
<latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit>
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Example: binary dropout
Prior: p(W ) =

Y

i,j

p(wij), p(wij) = N (0, 1)

<latexit sha1_base64="egahGQ+OIOBNui/GHFPhV86lI9c="></latexit><latexit sha1_base64="egahGQ+OIOBNui/GHFPhV86lI9c="></latexit><latexit sha1_base64="egahGQ+OIOBNui/GHFPhV86lI9c="></latexit><latexit sha1_base64="egahGQ+OIOBNui/GHFPhV86lI9c="></latexit>

Approximate posterior:

Approximate KL-divergence:

Gal, Yarin and Ghahramani, Zoubin.  
Dropout as a Bayesian Approximation: Representing Model Uncertainty in Deep Learning. ICML 2016

KL(q(W |µ)||p(W )) ⇡ ↵||µ||22
<latexit sha1_base64="S24G8GdXTTR2zy4HZAKmQGFDqPk="></latexit><latexit sha1_base64="S24G8GdXTTR2zy4HZAKmQGFDqPk="></latexit><latexit sha1_base64="S24G8GdXTTR2zy4HZAKmQGFDqPk="></latexit><latexit sha1_base64="S24G8GdXTTR2zy4HZAKmQGFDqPk="></latexit>

L2-regularization

q(W |µ) =
Y

i

q(wi|µi)
<latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit><latexit sha1_base64="Z8l65g2gtHePqSMfDZ2TtUYeKOs=">AAACCHicbZBNS8MwHMZTX+d8q3r0YHAI22W0IuhFGHgRvExwL7CWkqbpFpY2XZIqow68ePGrePGgiFc/gje/jem2g24+EHj4Pf+Q/B8/YVQqy/o2FhaXlldWC2vF9Y3NrW1zZ7cpeSowaWDOuGj7SBJGY9JQVDHSTgRBkc9Iy+9f5HnrlghJeXyjhglxI9SNaUgxUhp55sGg3Lp3orQCz6GTCB54FA7Kdx7NoUcrnlmyqtZYcN7YU1MCU9U988sJOE4jEivMkJQd20qUmyGhKGZkVHRSSRKE+6hLOtrGKCLSzcaLjOCRJgEMudAnVnBMf9/IUCTlMPL1ZIRUT85mOfwv66QqPHMzGiepIjGePBSmDCoO81ZgQAXBig21QVhQ/VeIe0ggrHR3RV2CPbvyvGkeV22ral+flGpXD5M6CmAfHIIysMEpqIFLUAcNgMEjeAav4M14Ml6Md+NjMrpgTCvcA39kfP4AJQaZNg==</latexit>

q(wi|µi) = p �(0) + (1� p) �(µi)
<latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit><latexit sha1_base64="CuyUgfsPS+Vl7B9FK0Q7Dxr3Vw0=">AAACH3icbZBNS8MwHMbT+TbnW9Wjl+AQOtTRiqgXYeBF8DLBvcBaSppmMyx9MUmVUQd+EC9+FS8eFBFv+zZmaw+6+YfAw+95QvJ/vJhRIU1zpBXm5hcWl4rLpZXVtfUNfXOrKaKEY9LAEYt420OCMBqShqSSkXbMCQo8Rlpe/2Lst+4JFzQKb+QgJk6AeiHtUoykQq5+cmc8uPTRDhKXVuA5jKF9AG2fMIkMswL3oWEdxhWoaA6zpKuXzao5GTgrrFyUQT51V/+2/QgnAQklZkiIjmXG0kkRlxQzMizZiSAxwn3UIx0lQxQQ4aST/YZwTxEfdiOuTijhhP6+kaJAiEHgqWSA5K2Y9sbwP6+TyO6Zk9IwTiQJcfZQN2FQRnBcFvQpJ1iygRIIc6r+CvEt4ghLVWlJlWBNrzwrmkdVy6xa18fl2tVTVkcR7IBdYAALnIIauAR10AAYPINX8A4+tBftTfvUvrJoQcsr3AZ/Rhv9AL9/n34=</latexit>
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Example: binary dropout, Bayesian benefits

Gal, Yarin and Ghahramani, Zoubin.  
Dropout as a Bayesian Approximation: Representing Model Uncertainty in Deep Learning. ICML 2016

Key messages of this example: 
• Using binary dropout means being Bayesian! 
• There are other dropout profits beyond regularization: 

• ensembling 
• uncertainty estimation
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Plan

• Advantages of using Bayesian neural networks 

• Training Bayesian neural networks 

• First example: binary dropout 

• Second example: Bayesian sparsification

69
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Compression of neural networks
• Deep neural networks achieve state-of-the-art performance in a variety of domains 
• Model quality scales with model and dataset size 
• State-of-the-art models usually incorporate tens of millions of parameters
• But resources (memory, processing time) may be limited 

70
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Compression of neural networks
• Deep neural networks achieve state-of-the-art performance in a variety of domains 
• Model quality scales with model and dataset size 
• State-of-the-art models usually incorporate tens of millions of parameters
• But resources (memory, processing time) may be limited 

71
• One of the solutions — sparsification 
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Neural network

Weight matrix W Computational graph

72
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Sparse neural network

Weight matrix W Computational graph

A lot of weights 
set to zero

73
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Model specification: 
• Choose particular prior 

Training: 
• Choose particular family for approximate posterior 
• How to compute the KL-divergence?

From general framework to particular method
NX

i=1

Eq(w|�) log p(y
i|xi

, w)�KL(q(w|�)||p(w)) ! max

�
<latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit><latexit sha1_base64="6jFN3sB3c1Is6oBNXWnoTUCKhX0="></latexit>

74
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Example: sparse variational dropout
Prior: p(wij) /

1

|wij |
<latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit>

Favors removing noisy weights!

Molchanov, Dmitry et al. Variational dropout sparsifies deep neural networks. ICML 2017
Diederik P. Kingma et al. Variational dropout and the local reparameterization trick. NIPS 2015
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Example: sparse variational dropout
Prior: p(wij) /

1

|wij |
<latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit>

?Approximate posterior:

Molchanov, Dmitry et al. Variational dropout sparsifies deep neural networks. ICML 2017
Diederik P. Kingma et al. Variational dropout and the local reparameterization trick. NIPS 2015

?Approximate KL-divergence:
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Example: sparse variational dropout
Prior: p(wij) /

1

|wij |
<latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit>

q(wij |µij ,�ij) = N
�
µij ,�

2
ij

�
<latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit>

Approximate posterior:

Molchanov, Dmitry et al. Variational dropout sparsifies deep neural networks. ICML 2017
Diederik P. Kingma et al. Variational dropout and the local reparameterization trick. NIPS 2015

?Approximate KL-divergence:
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Example: sparse variational dropout
Prior: p(wij) /

1

|wij |
<latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit>

q(wij |µij ,�ij) = N
�
µij ,�

2
ij

�
<latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit>

?

ŵij = µij + ✏̂ij�ij , ✏̂ij ⇠ N (0, 1)
<latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit>

Approximate posterior:

Reparametrization:

Molchanov, Dmitry et al. Variational dropout sparsifies deep neural networks. ICML 2017
Diederik P. Kingma et al. Variational dropout and the local reparameterization trick. NIPS 2015

Approximate KL-divergence:
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Example: sparse variational dropout
Prior:

Approximate KL-divergence:

p(wij) /
1

|wij |
<latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit><latexit sha1_base64="rLZ2EpVTNv2k4fpc/t8Ntc7MB4Q=">AAACDXicbZC9SwMxGMZzftb6deroEqxCXcqdCDoWXASXCvYDeuXIpbk2NncJSU4p1wNnF/8VFwdFXN3d/G9Mex209YXAw/O8IXl+gWBUacf5thYWl5ZXVgtrxfWNza1te2e3oXgiMaljzrhsBUgRRmNS11Qz0hKSoChgpBkMLsZ5845IRXl8o4eCdCLUi2lIMdLG8u1DUb73U3qbHUNPSC40h14oEYYuTEd5Msp8u+RUnMnAeeFORQlMp+bbX16X4yQiscYMKdV2HaE7KZKaYkayopcoIhAeoB5pGxmjiKhOOmmTwSPjdGHIpTmxhhP3940URUoNo8BsRkj31Ww2Nv/L2okOzzspjUWiSYzzh8KEQdN5jAZ2qSRYs6ERCEtq/gpxHxkY2gAsGgjubOV50TipuE7FvT4tVa8echwFsA8OQBm44AxUwSWogTrA4BE8g1fwZj1ZL9a79ZGvLlhThHvgz1ifP2w4nDg=</latexit>

�KL(q(wij |µij ,�ij) k p(wij)) ⇡ fKL(↵ij)
<latexit sha1_base64="NtDIPtxqpd4r4R/MAvzGEgf3Q78="></latexit><latexit sha1_base64="NtDIPtxqpd4r4R/MAvzGEgf3Q78="></latexit><latexit sha1_base64="NtDIPtxqpd4r4R/MAvzGEgf3Q78="></latexit><latexit sha1_base64="NtDIPtxqpd4r4R/MAvzGEgf3Q78="></latexit>

↵ij =
�2
ij

µ2
ij

<latexit sha1_base64="8Hd8vmtO1OI07FJk8MuuVR63vxs=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/CwIvgZYJ7gbWWNEu3uCQtSSqMUvBTePGrePGgiEc9+W3M1gm6+YfA//k/T0ieX5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HJ6P++07IhWNxbUeJcTnqC9oRDHSJgpsx0MsGaAgo7c5PINeJBGGmadonxfhTS03NU9/isCuOFVnIjhv3KmpgKkagf3h9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66xAnGi/GyyWQ4PTdKDUSzNERpO0t83MsSVGvHQTHKkB2q2Nw7/63VTHZ36GRVJqonAxUNRyqCO4RgT7FFJsGYjYxCW1PwV4gEycLSBWTYQ3NmV502rVnWdqnt1XKlf3hc4SmAfHIAj4IITUAcXoAGaAIMH8ARewKv1aD1bb9Z7MbpgTRHugT+yPr8BDwehZA==</latexit><latexit sha1_base64="8Hd8vmtO1OI07FJk8MuuVR63vxs=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/CwIvgZYJ7gbWWNEu3uCQtSSqMUvBTePGrePGgiEc9+W3M1gm6+YfA//k/T0ieX5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HJ6P++07IhWNxbUeJcTnqC9oRDHSJgpsx0MsGaAgo7c5PINeJBGGmadonxfhTS03NU9/isCuOFVnIjhv3KmpgKkagf3h9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66xAnGi/GyyWQ4PTdKDUSzNERpO0t83MsSVGvHQTHKkB2q2Nw7/63VTHZ36GRVJqonAxUNRyqCO4RgT7FFJsGYjYxCW1PwV4gEycLSBWTYQ3NmV502rVnWdqnt1XKlf3hc4SmAfHIAj4IITUAcXoAGaAIMH8ARewKv1aD1bb9Z7MbpgTRHugT+yPr8BDwehZA==</latexit><latexit sha1_base64="8Hd8vmtO1OI07FJk8MuuVR63vxs=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/CwIvgZYJ7gbWWNEu3uCQtSSqMUvBTePGrePGgiEc9+W3M1gm6+YfA//k/T0ieX5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HJ6P++07IhWNxbUeJcTnqC9oRDHSJgpsx0MsGaAgo7c5PINeJBGGmadonxfhTS03NU9/isCuOFVnIjhv3KmpgKkagf3h9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66xAnGi/GyyWQ4PTdKDUSzNERpO0t83MsSVGvHQTHKkB2q2Nw7/63VTHZ36GRVJqonAxUNRyqCO4RgT7FFJsGYjYxCW1PwV4gEycLSBWTYQ3NmV502rVnWdqnt1XKlf3hc4SmAfHIAj4IITUAcXoAGaAIMH8ARewKv1aD1bb9Z7MbpgTRHugT+yPr8BDwehZA==</latexit><latexit sha1_base64="8Hd8vmtO1OI07FJk8MuuVR63vxs=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/CwIvgZYJ7gbWWNEu3uCQtSSqMUvBTePGrePGgiEc9+W3M1gm6+YfA//k/T0ieX5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HJ6P++07IhWNxbUeJcTnqC9oRDHSJgpsx0MsGaAgo7c5PINeJBGGmadonxfhTS03NU9/isCuOFVnIjhv3KmpgKkagf3h9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66xAnGi/GyyWQ4PTdKDUSzNERpO0t83MsSVGvHQTHKkB2q2Nw7/63VTHZ36GRVJqonAxUNRyqCO4RgT7FFJsGYjYxCW1PwV4gEycLSBWTYQ3NmV502rVnWdqnt1XKlf3hc4SmAfHIAj4IITUAcXoAGaAIMH8ARewKv1aD1bb9Z7MbpgTRHugT+yPr8BDwehZA==</latexit>

Favors large        ⇒  removing noisy weights↵ij
<latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit>

q(wij |µij ,�ij) = N
�
µij ,�

2
ij

�
<latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit><latexit sha1_base64="3GT8jyiy39XIC1rEBwuBP0VtV6M="></latexit>

Approximate posterior:

Molchanov, Dmitry et al. Variational dropout sparsifies deep neural networks. ICML 2017
Diederik P. Kingma et al. Variational dropout and the local reparameterization trick. NIPS 2015
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Approximating KL-divergence

• KL depends only on  
• Favors large        ⇒ 
    removing noisy weights

↵ij
<latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit>

↵ij
<latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit><latexit sha1_base64="Am4Rtk83KKpJ+D1+fZtMKWXpeIw=">AAAB8nicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9BjwIniJYB6wWcLsZJKMmZ1ZZnqFsAT8CS8eFPHq13jzb5w8DppY0FBUddPdFadSWPT9b29ldW19Y7OwVdze2d3bLx0cNqzODON1pqU2rZhaLoXidRQoeSs1nCax5M14eD3xm4/cWKHVPY5SHiW0r0RPMIpOCttUpgPaycXDuFMq+xV/CrJMgjkpwxy1Tumr3dUsS7hCJqm1YeCnGOXUoGCSj4vtzPKUsiHt89BRRRNuo3x68picOqVLetq4Ukim6u+JnCbWjpLYdSYUB3bRm4j/eWGGvasoFyrNkCs2W9TLJEFNJv+TrjCcoRw5QpkR7lbCBtRQhi6logshWHx5mTTOK4FfCe4uytXbp1kcBTiGEziDAC6hCjdQgzow0PAMr/DmoffivXsfs9YVbx7hEfyB9/kDxOeR/Q==</latexit>

�KL(q(wij |µij ,�ij) k p(wij)) ⇡
⇡ k1�(k2 + k3 log↵ij))� 0.5 log(1 + ↵�1

ij ) + C

k1 = 0.63576 k2 = 1.87320 k3 = 1.48695
<latexit sha1_base64="rEV/QrgJN4xNmwdzr0o+X78jntw="></latexit><latexit sha1_base64="rEV/QrgJN4xNmwdzr0o+X78jntw="></latexit><latexit sha1_base64="rEV/QrgJN4xNmwdzr0o+X78jntw="></latexit><latexit sha1_base64="rEV/QrgJN4xNmwdzr0o+X78jntw="></latexit>

↵ij =
�2
ij

µ2
ij

<latexit sha1_base64="8Hd8vmtO1OI07FJk8MuuVR63vxs=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/CwIvgZYJ7gbWWNEu3uCQtSSqMUvBTePGrePGgiEc9+W3M1gm6+YfA//k/T0ieX5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HJ6P++07IhWNxbUeJcTnqC9oRDHSJgpsx0MsGaAgo7c5PINeJBGGmadonxfhTS03NU9/isCuOFVnIjhv3KmpgKkagf3h9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66xAnGi/GyyWQ4PTdKDUSzNERpO0t83MsSVGvHQTHKkB2q2Nw7/63VTHZ36GRVJqonAxUNRyqCO4RgT7FFJsGYjYxCW1PwV4gEycLSBWTYQ3NmV502rVnWdqnt1XKlf3hc4SmAfHIAj4IITUAcXoAGaAIMH8ARewKv1aD1bb9Z7MbpgTRHugT+yPr8BDwehZA==</latexit><latexit sha1_base64="8Hd8vmtO1OI07FJk8MuuVR63vxs=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/CwIvgZYJ7gbWWNEu3uCQtSSqMUvBTePGrePGgiEc9+W3M1gm6+YfA//k/T0ieX5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HJ6P++07IhWNxbUeJcTnqC9oRDHSJgpsx0MsGaAgo7c5PINeJBGGmadonxfhTS03NU9/isCuOFVnIjhv3KmpgKkagf3h9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66xAnGi/GyyWQ4PTdKDUSzNERpO0t83MsSVGvHQTHKkB2q2Nw7/63VTHZ36GRVJqonAxUNRyqCO4RgT7FFJsGYjYxCW1PwV4gEycLSBWTYQ3NmV502rVnWdqnt1XKlf3hc4SmAfHIAj4IITUAcXoAGaAIMH8ARewKv1aD1bb9Z7MbpgTRHugT+yPr8BDwehZA==</latexit><latexit sha1_base64="8Hd8vmtO1OI07FJk8MuuVR63vxs=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/CwIvgZYJ7gbWWNEu3uCQtSSqMUvBTePGrePGgiEc9+W3M1gm6+YfA//k/T0ieX5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HJ6P++07IhWNxbUeJcTnqC9oRDHSJgpsx0MsGaAgo7c5PINeJBGGmadonxfhTS03NU9/isCuOFVnIjhv3KmpgKkagf3h9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66xAnGi/GyyWQ4PTdKDUSzNERpO0t83MsSVGvHQTHKkB2q2Nw7/63VTHZ36GRVJqonAxUNRyqCO4RgT7FFJsGYjYxCW1PwV4gEycLSBWTYQ3NmV502rVnWdqnt1XKlf3hc4SmAfHIAj4IITUAcXoAGaAIMH8ARewKv1aD1bb9Z7MbpgTRHugT+yPr8BDwehZA==</latexit><latexit sha1_base64="8Hd8vmtO1OI07FJk8MuuVR63vxs=">AAACGXicbZBNS8MwGMdTX+d8q3r0EhyCp9EOQS/CwIvgZYJ7gbWWNEu3uCQtSSqMUvBTePGrePGgiEc9+W3M1gm6+YfA//k/T0ieX5gwqrTjfFkLi0vLK6ultfL6xubWtr2z21JxKjFp4pjFshMiRRgVpKmpZqSTSIJ4yEg7HJ6P++07IhWNxbUeJcTnqC9oRDHSJgpsx0MsGaAgo7c5PINeJBGGmadonxfhTS03NU9/isCuOFVnIjhv3KmpgKkagf3h9WKcciI0Zkiprusk2s+Q1BQzkpe9VJEE4SHqk66xAnGi/GyyWQ4PTdKDUSzNERpO0t83MsSVGvHQTHKkB2q2Nw7/63VTHZ36GRVJqonAxUNRyqCO4RgT7FFJsGYjYxCW1PwV4gEycLSBWTYQ3NmV502rVnWdqnt1XKlf3hc4SmAfHIAj4IITUAcXoAGaAIMH8ARewKv1aD1bb9Z7MbpgTRHugT+yPr8BDwehZA==</latexit>

Molchanov, Dmitry et al. Variational dropout sparsifies deep neural networks. ICML 2017

(fully factorized)

80
Diederik P. Kingma et al. Variational dropout and the local reparameterization trick. NIPS 2015

—KL
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Treat biases as deterministic parameters and find a point estimate: 

Eventually, it assumes a flat prior and a delta-peak posterior.

Ok, sparsify weights. What about biases?
NX

i=1

Eq(w|µ,�) log p(y
i|xi

, w)�KL(q(w|µ,�)||p(w)) ! max

µ, log �
<latexit sha1_base64="TkeXjRUWmxRi6gu6oGVthHBboPw="></latexit><latexit sha1_base64="TkeXjRUWmxRi6gu6oGVthHBboPw="></latexit><latexit sha1_base64="TkeXjRUWmxRi6gu6oGVthHBboPw="></latexit><latexit sha1_base64="TkeXjRUWmxRi6gu6oGVthHBboPw="></latexit>

NX

i=1

Eq(w|µ,�) log p(y
i|xi

, w, b)�KL(q(w|µ,�)||p(w)) ! max

µ, log �,b
<latexit sha1_base64="/+bI4ap9IIZcWNlADhHfmJ2XkiM="></latexit><latexit sha1_base64="/+bI4ap9IIZcWNlADhHfmJ2XkiM="></latexit><latexit sha1_base64="/+bI4ap9IIZcWNlADhHfmJ2XkiM="></latexit><latexit sha1_base64="/+bI4ap9IIZcWNlADhHfmJ2XkiM="></latexit>

81
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Final algorithm

1.   Sample weights: 
2.   Forward pass: 
3.   Backward pass + SGD step:  compute stochastic gradients of ELBO:

Ypred = NN(X, ŵ, b)
<latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit>

Training on a mini-batch     with labels    :                    X
<latexit sha1_base64="FHB8R+nQ3OAaRQWoSgNq+sxlJrA=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9XbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDebo1l</latexit><latexit sha1_base64="FHB8R+nQ3OAaRQWoSgNq+sxlJrA=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9XbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDebo1l</latexit><latexit sha1_base64="FHB8R+nQ3OAaRQWoSgNq+sxlJrA=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9XbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDebo1l</latexit><latexit sha1_base64="FHB8R+nQ3OAaRQWoSgNq+sxlJrA=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9XbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDebo1l</latexit> Y

<latexit sha1_base64="9CD/68529ldbV36iI44Rso8eyBs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxIcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91iMqzWN5Z8YJ+hEdSB5yRo2V6ve9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wff8o1m</latexit><latexit sha1_base64="9CD/68529ldbV36iI44Rso8eyBs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxIcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91iMqzWN5Z8YJ+hEdSB5yRo2V6ve9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wff8o1m</latexit><latexit sha1_base64="9CD/68529ldbV36iI44Rso8eyBs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxIcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91iMqzWN5Z8YJ+hEdSB5yRo2V6ve9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wff8o1m</latexit><latexit sha1_base64="9CD/68529ldbV36iI44Rso8eyBs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxIcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91iMqzWN5Z8YJ+hEdSB5yRo2V6ve9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wff8o1m</latexit>

rµ,log �,b

⇣
N · Loss

�
Y, Y

pred

�
+ SparseReg(�/µ)

⌘

<latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit>

82

ŵij = µij + ✏̂ij�ij , ✏̂ij ⇠ N (0, 1)
<latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit>
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Pruning after training:

If µ2
ij/�

2
ij < threshold:

<latexit sha1_base64="TRhS39fT+FDlyYmupkpG8D2moc0="></latexit><latexit sha1_base64="TRhS39fT+FDlyYmupkpG8D2moc0="></latexit><latexit sha1_base64="TRhS39fT+FDlyYmupkpG8D2moc0="></latexit><latexit sha1_base64="TRhS39fT+FDlyYmupkpG8D2moc0="></latexit>

signal-to-noise ratio 83

µij = 0, �ij = 0
<latexit sha1_base64="QCRHzdgxYk8fL2e+y6TFNyH/ols=">AAACCHicbZBLSwMxFIXv1Fetr1GXLgwWwYWUGRF0IxTcCG4q2Ae0w5BJM21sMjMkGaEMFTdu/CtuXCji1p/gzn9j+kC09UDg8J0bknuChDOlHefLys3NLywu5ZcLK6tr6xv25lZNxakktEpiHstGgBXlLKJVzTSnjURSLAJO60HvfJjXb6lULI6udT+hnsCdiIWMYG2Qb++2ROpn7GaAzpBziO5QS7GOwD/It4tOyRkJzRp3YoowUcW3P1vtmKSCRppwrFTTdRLtZVhqRjgdFFqpogkmPdyhTWMjLKjystEiA7RvSBuFsTQn0mhEf9/IsFCqLwIzKbDuqulsCP/LmqkOT72MRUmqaUTGD4UpRzpGw1ZQm0lKNO8bg4lk5q+IdLHERJvuCqYEd3rlWVM7KrlOyb06LpYv78d15GEH9uAAXDiBMlxABapA4AGe4AVerUfr2Xqz3sejOWtS4Tb8kfXxDVfrmK0=</latexit><latexit sha1_base64="QCRHzdgxYk8fL2e+y6TFNyH/ols=">AAACCHicbZBLSwMxFIXv1Fetr1GXLgwWwYWUGRF0IxTcCG4q2Ae0w5BJM21sMjMkGaEMFTdu/CtuXCji1p/gzn9j+kC09UDg8J0bknuChDOlHefLys3NLywu5ZcLK6tr6xv25lZNxakktEpiHstGgBXlLKJVzTSnjURSLAJO60HvfJjXb6lULI6udT+hnsCdiIWMYG2Qb++2ROpn7GaAzpBziO5QS7GOwD/It4tOyRkJzRp3YoowUcW3P1vtmKSCRppwrFTTdRLtZVhqRjgdFFqpogkmPdyhTWMjLKjystEiA7RvSBuFsTQn0mhEf9/IsFCqLwIzKbDuqulsCP/LmqkOT72MRUmqaUTGD4UpRzpGw1ZQm0lKNO8bg4lk5q+IdLHERJvuCqYEd3rlWVM7KrlOyb06LpYv78d15GEH9uAAXDiBMlxABapA4AGe4AVerUfr2Xqz3sejOWtS4Tb8kfXxDVfrmK0=</latexit><latexit sha1_base64="QCRHzdgxYk8fL2e+y6TFNyH/ols=">AAACCHicbZBLSwMxFIXv1Fetr1GXLgwWwYWUGRF0IxTcCG4q2Ae0w5BJM21sMjMkGaEMFTdu/CtuXCji1p/gzn9j+kC09UDg8J0bknuChDOlHefLys3NLywu5ZcLK6tr6xv25lZNxakktEpiHstGgBXlLKJVzTSnjURSLAJO60HvfJjXb6lULI6udT+hnsCdiIWMYG2Qb++2ROpn7GaAzpBziO5QS7GOwD/It4tOyRkJzRp3YoowUcW3P1vtmKSCRppwrFTTdRLtZVhqRjgdFFqpogkmPdyhTWMjLKjystEiA7RvSBuFsTQn0mhEf9/IsFCqLwIzKbDuqulsCP/LmqkOT72MRUmqaUTGD4UpRzpGw1ZQm0lKNO8bg4lk5q+IdLHERJvuCqYEd3rlWVM7KrlOyb06LpYv78d15GEH9uAAXDiBMlxABapA4AGe4AVerUfr2Xqz3sejOWtS4Tb8kfXxDVfrmK0=</latexit><latexit sha1_base64="QCRHzdgxYk8fL2e+y6TFNyH/ols=">AAACCHicbZBLSwMxFIXv1Fetr1GXLgwWwYWUGRF0IxTcCG4q2Ae0w5BJM21sMjMkGaEMFTdu/CtuXCji1p/gzn9j+kC09UDg8J0bknuChDOlHefLys3NLywu5ZcLK6tr6xv25lZNxakktEpiHstGgBXlLKJVzTSnjURSLAJO60HvfJjXb6lULI6udT+hnsCdiIWMYG2Qb++2ROpn7GaAzpBziO5QS7GOwD/It4tOyRkJzRp3YoowUcW3P1vtmKSCRppwrFTTdRLtZVhqRjgdFFqpogkmPdyhTWMjLKjystEiA7RvSBuFsTQn0mhEf9/IsFCqLwIzKbDuqulsCP/LmqkOT72MRUmqaUTGD4UpRzpGw1ZQm0lKNO8bg4lk5q+IdLHERJvuCqYEd3rlWVM7KrlOyb06LpYv78d15GEH9uAAXDiBMlxABapA4AGe4AVerUfr2Xqz3sejOWtS4Tb8kfXxDVfrmK0=</latexit>

1.   Sample weights: 
2.   Forward pass: Ypred = NN(X, ŵ, b)

<latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit>

Training on a mini-batch     with labels    :                    X
<latexit sha1_base64="FHB8R+nQ3OAaRQWoSgNq+sxlJrA=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9XbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDebo1l</latexit><latexit sha1_base64="FHB8R+nQ3OAaRQWoSgNq+sxlJrA=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9XbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDebo1l</latexit><latexit sha1_base64="FHB8R+nQ3OAaRQWoSgNq+sxlJrA=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9XbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDebo1l</latexit><latexit sha1_base64="FHB8R+nQ3OAaRQWoSgNq+sxlJrA=">AAAB6HicbVA9SwNBEJ2LXzF+nVraLAbBKtyJoGXARrBJwHxAcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMC1PBtfG8b6ewtr6xuVXcLu3s7u0fuIdHTZ1kimGDJSJR7ZBqFFxiw3AjsJ0qpHEosBWObqZ+6xGV5om8N+MUg5gOJI84o8ZK9XbPLXsVbwaySvwFKcMCtZ771e0nLItRGiao1h3fS02QU2U4EzgpdTONKWUjOsCOpZLGqIN8duiEnFmlT6JE2ZKGzNTfEzmNtR7Hoe2MqRnqZW8q/ud1MhNdBzmXaWZQsvmiKBPEJGT6NelzhcyIsSWUKW5vJWxIFWXGZlOyIfjLL6+S5kXF9yp+/bJcvXuax1GEEziFc/DhCqpwCzVoAAOEZ3iFN+fBeXHenY95a8FZRHgMf+B8/gDebo1l</latexit> Y

<latexit sha1_base64="9CD/68529ldbV36iI44Rso8eyBs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxIcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91iMqzWN5Z8YJ+hEdSB5yRo2V6ve9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wff8o1m</latexit><latexit sha1_base64="9CD/68529ldbV36iI44Rso8eyBs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxIcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91iMqzWN5Z8YJ+hEdSB5yRo2V6ve9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wff8o1m</latexit><latexit sha1_base64="9CD/68529ldbV36iI44Rso8eyBs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxIcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91iMqzWN5Z8YJ+hEdSB5yRo2V6ve9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wff8o1m</latexit><latexit sha1_base64="9CD/68529ldbV36iI44Rso8eyBs=">AAAB6HicbVA9SwNBEJ2LXzF+RS1tFoNgFe5EiGXARrBJwHxIcoS9zVyyZm/v2N0TwhGwt7FQxNafZOe/cfNRaOKDgcd7M8zMCxLBtXHdbye3tr6xuZXfLuzs7u0fFA+PmjpOFcMGi0Ws2gHVKLjEhuFGYDtRSKNAYCsYXU/91iMqzWN5Z8YJ+hEdSB5yRo2V6ve9YsktuzOQVeItSAkWqPWKX91+zNIIpWGCat3x3MT4GVWGM4GTQjfVmFA2ogPsWCpphNrPZodOyJlV+iSMlS1pyEz9PZHRSOtxFNjOiJqhXvam4n9eJzXhlZ9xmaQGJZsvClNBTEymX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UPbfs1S9L1duneRx5OIFTOAcPKlCFG6hBAxggPMMrvDkPzovz7nzMW3POIsJj+APn8wff8o1m</latexit>

ŵij = µij + ✏̂ij�ij , ✏̂ij ⇠ N (0, 1)
<latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit><latexit sha1_base64="m5zSLYTN+TqIOr96WJxOySdJN4w="></latexit>

3.   Backward pass + SGD step:  compute stochastic gradients of ELBO:
rµ,log �,b

⇣
N · Loss

�
Y, Y

pred

�
+ SparseReg(�/µ)

⌘

<latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit>

Final algorithm
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Pruning after training: Prediction for a mini-batch

Return If µ2
ij/�

2
ij < threshold:

<latexit sha1_base64="TRhS39fT+FDlyYmupkpG8D2moc0="></latexit><latexit sha1_base64="TRhS39fT+FDlyYmupkpG8D2moc0="></latexit><latexit sha1_base64="TRhS39fT+FDlyYmupkpG8D2moc0="></latexit><latexit sha1_base64="TRhS39fT+FDlyYmupkpG8D2moc0="></latexit>

Ypred = NN(X,µ, b)
<latexit sha1_base64="nj/h1nhIj51tL2x5yTNDXCeUcwc=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQIYQZEfQiBLwIQohgFskMQ09PJ2nSs9BdI4Yh4MWLv+LFgyJe/QRv/o2d5aCJDwoe71VRVc+LBVdgmt9GZmFxaXklu5pbW9/Y3Mpv7zRUlEjK6jQSkWx5RDHBQ1YHDoK1YslI4AnW9PoXI795x6TiUXgDg5g5AemGvMMpAS25+f1bN7WB3UOqx/zhEJ/jarXYKmE7SErYO3LzBbNsjoHniTUlBTRFzc1/2X5Ek4CFQAVRqm2ZMTgpkcCpYMOcnSgWE9onXdbWNCQBU046fmSID7Xi404kdYWAx+rviZQESg0CT3cGBHpq1huJ/3ntBDpnTsrDOAEW0smiTiIwRHiUCva5ZBTEQBNCJde3YtojklDQ2eV0CNbsy/OkcVy2zLJ1fVKoXD1M4siiPXSAishCp6iCLlEN1RFFj+gZvaI348l4Md6Nj0lrxphGuIv+wPj8Aae/mNg=</latexit><latexit sha1_base64="nj/h1nhIj51tL2x5yTNDXCeUcwc=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQIYQZEfQiBLwIQohgFskMQ09PJ2nSs9BdI4Yh4MWLv+LFgyJe/QRv/o2d5aCJDwoe71VRVc+LBVdgmt9GZmFxaXklu5pbW9/Y3Mpv7zRUlEjK6jQSkWx5RDHBQ1YHDoK1YslI4AnW9PoXI795x6TiUXgDg5g5AemGvMMpAS25+f1bN7WB3UOqx/zhEJ/jarXYKmE7SErYO3LzBbNsjoHniTUlBTRFzc1/2X5Ek4CFQAVRqm2ZMTgpkcCpYMOcnSgWE9onXdbWNCQBU046fmSID7Xi404kdYWAx+rviZQESg0CT3cGBHpq1huJ/3ntBDpnTsrDOAEW0smiTiIwRHiUCva5ZBTEQBNCJde3YtojklDQ2eV0CNbsy/OkcVy2zLJ1fVKoXD1M4siiPXSAishCp6iCLlEN1RFFj+gZvaI348l4Md6Nj0lrxphGuIv+wPj8Aae/mNg=</latexit><latexit sha1_base64="nj/h1nhIj51tL2x5yTNDXCeUcwc=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQIYQZEfQiBLwIQohgFskMQ09PJ2nSs9BdI4Yh4MWLv+LFgyJe/QRv/o2d5aCJDwoe71VRVc+LBVdgmt9GZmFxaXklu5pbW9/Y3Mpv7zRUlEjK6jQSkWx5RDHBQ1YHDoK1YslI4AnW9PoXI795x6TiUXgDg5g5AemGvMMpAS25+f1bN7WB3UOqx/zhEJ/jarXYKmE7SErYO3LzBbNsjoHniTUlBTRFzc1/2X5Ek4CFQAVRqm2ZMTgpkcCpYMOcnSgWE9onXdbWNCQBU046fmSID7Xi404kdYWAx+rviZQESg0CT3cGBHpq1huJ/3ntBDpnTsrDOAEW0smiTiIwRHiUCva5ZBTEQBNCJde3YtojklDQ2eV0CNbsy/OkcVy2zLJ1fVKoXD1M4siiPXSAishCp6iCLlEN1RFFj+gZvaI348l4Md6Nj0lrxphGuIv+wPj8Aae/mNg=</latexit><latexit sha1_base64="nj/h1nhIj51tL2x5yTNDXCeUcwc=">AAACCHicbVDJSgNBEO2JW4xb1KMHG4MQIYQZEfQiBLwIQohgFskMQ09PJ2nSs9BdI4Yh4MWLv+LFgyJe/QRv/o2d5aCJDwoe71VRVc+LBVdgmt9GZmFxaXklu5pbW9/Y3Mpv7zRUlEjK6jQSkWx5RDHBQ1YHDoK1YslI4AnW9PoXI795x6TiUXgDg5g5AemGvMMpAS25+f1bN7WB3UOqx/zhEJ/jarXYKmE7SErYO3LzBbNsjoHniTUlBTRFzc1/2X5Ek4CFQAVRqm2ZMTgpkcCpYMOcnSgWE9onXdbWNCQBU046fmSID7Xi404kdYWAx+rviZQESg0CT3cGBHpq1huJ/3ntBDpnTsrDOAEW0smiTiIwRHiUCva5ZBTEQBNCJde3YtojklDQ2eV0CNbsy/OkcVy2zLJ1fVKoXD1M4siiPXSAishCp6iCLlEN1RFFj+gZvaI348l4Md6Nj0lrxphGuIv+wPj8Aae/mNg=</latexit>

do not ensemble because we want 
the most compact and fast network

X :
<latexit sha1_base64="0BlQgGCkjBepFK3rkS4ZOpbFulI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvAheqtgPaEPZbDft0s0m7E6EEgr+AC8eFPHqP/Lmv3HT9qCtDwYe780wMy9IpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaPr3G89cm1ErB5wnHA/ogMlQsEoWum+fdUrV9yqOwVZJt6cVGCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz6aUTcmKVPgljbUshmaq/JzIaGTOOAtsZURyaRS8X//M6KYaXfiZUkiJXbLYoTCXBmORvk77QnKEcW0KZFvZWwoZUU4Y2nJINwVt8eZk0z6qeW/Xuziu126dZHEU4gmM4BQ8uoAY3UIcGMAjhGV7hzRk5L8678zFrLTjzCA/hD5zPH1uhjak=</latexit><latexit sha1_base64="0BlQgGCkjBepFK3rkS4ZOpbFulI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvAheqtgPaEPZbDft0s0m7E6EEgr+AC8eFPHqP/Lmv3HT9qCtDwYe780wMy9IpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaPr3G89cm1ErB5wnHA/ogMlQsEoWum+fdUrV9yqOwVZJt6cVGCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz6aUTcmKVPgljbUshmaq/JzIaGTOOAtsZURyaRS8X//M6KYaXfiZUkiJXbLYoTCXBmORvk77QnKEcW0KZFvZWwoZUU4Y2nJINwVt8eZk0z6qeW/Xuziu126dZHEU4gmM4BQ8uoAY3UIcGMAjhGV7hzRk5L8678zFrLTjzCA/hD5zPH1uhjak=</latexit><latexit sha1_base64="0BlQgGCkjBepFK3rkS4ZOpbFulI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvAheqtgPaEPZbDft0s0m7E6EEgr+AC8eFPHqP/Lmv3HT9qCtDwYe780wMy9IpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaPr3G89cm1ErB5wnHA/ogMlQsEoWum+fdUrV9yqOwVZJt6cVGCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz6aUTcmKVPgljbUshmaq/JzIaGTOOAtsZURyaRS8X//M6KYaXfiZUkiJXbLYoTCXBmORvk77QnKEcW0KZFvZWwoZUU4Y2nJINwVt8eZk0z6qeW/Xuziu126dZHEU4gmM4BQ8uoAY3UIcGMAjhGV7hzRk5L8678zFrLTjzCA/hD5zPH1uhjak=</latexit><latexit sha1_base64="0BlQgGCkjBepFK3rkS4ZOpbFulI=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUDwVvAheqtgPaEPZbDft0s0m7E6EEgr+AC8eFPHqP/Lmv3HT9qCtDwYe780wMy9IpDDout9OYWV1bX2juFna2t7Z3SvvHzRNnGrGGyyWsW4H1HApFG+gQMnbieY0CiRvBaPr3G89cm1ErB5wnHA/ogMlQsEoWum+fdUrV9yqOwVZJt6cVGCOeq/81e3HLI24QiapMR3PTdDPqEbBJJ+UuqnhCWUjOuAdSxWNuPGz6aUTcmKVPgljbUshmaq/JzIaGTOOAtsZURyaRS8X//M6KYaXfiZUkiJXbLYoTCXBmORvk77QnKEcW0KZFvZWwoZUU4Y2nJINwVt8eZk0z6qeW/Xuziu126dZHEU4gmM4BQ8uoAY3UIcGMAjhGV7hzRk5L8678zFrLTjzCA/hD5zPH1uhjak=</latexit>
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µij = 0, �ij = 0
<latexit sha1_base64="QCRHzdgxYk8fL2e+y6TFNyH/ols=">AAACCHicbZBLSwMxFIXv1Fetr1GXLgwWwYWUGRF0IxTcCG4q2Ae0w5BJM21sMjMkGaEMFTdu/CtuXCji1p/gzn9j+kC09UDg8J0bknuChDOlHefLys3NLywu5ZcLK6tr6xv25lZNxakktEpiHstGgBXlLKJVzTSnjURSLAJO60HvfJjXb6lULI6udT+hnsCdiIWMYG2Qb++2ROpn7GaAzpBziO5QS7GOwD/It4tOyRkJzRp3YoowUcW3P1vtmKSCRppwrFTTdRLtZVhqRjgdFFqpogkmPdyhTWMjLKjystEiA7RvSBuFsTQn0mhEf9/IsFCqLwIzKbDuqulsCP/LmqkOT72MRUmqaUTGD4UpRzpGw1ZQm0lKNO8bg4lk5q+IdLHERJvuCqYEd3rlWVM7KrlOyb06LpYv78d15GEH9uAAXDiBMlxABapA4AGe4AVerUfr2Xqz3sejOWtS4Tb8kfXxDVfrmK0=</latexit><latexit sha1_base64="QCRHzdgxYk8fL2e+y6TFNyH/ols=">AAACCHicbZBLSwMxFIXv1Fetr1GXLgwWwYWUGRF0IxTcCG4q2Ae0w5BJM21sMjMkGaEMFTdu/CtuXCji1p/gzn9j+kC09UDg8J0bknuChDOlHefLys3NLywu5ZcLK6tr6xv25lZNxakktEpiHstGgBXlLKJVzTSnjURSLAJO60HvfJjXb6lULI6udT+hnsCdiIWMYG2Qb++2ROpn7GaAzpBziO5QS7GOwD/It4tOyRkJzRp3YoowUcW3P1vtmKSCRppwrFTTdRLtZVhqRjgdFFqpogkmPdyhTWMjLKjystEiA7RvSBuFsTQn0mhEf9/IsFCqLwIzKbDuqulsCP/LmqkOT72MRUmqaUTGD4UpRzpGw1ZQm0lKNO8bg4lk5q+IdLHERJvuCqYEd3rlWVM7KrlOyb06LpYv78d15GEH9uAAXDiBMlxABapA4AGe4AVerUfr2Xqz3sejOWtS4Tb8kfXxDVfrmK0=</latexit><latexit sha1_base64="QCRHzdgxYk8fL2e+y6TFNyH/ols=">AAACCHicbZBLSwMxFIXv1Fetr1GXLgwWwYWUGRF0IxTcCG4q2Ae0w5BJM21sMjMkGaEMFTdu/CtuXCji1p/gzn9j+kC09UDg8J0bknuChDOlHefLys3NLywu5ZcLK6tr6xv25lZNxakktEpiHstGgBXlLKJVzTSnjURSLAJO60HvfJjXb6lULI6udT+hnsCdiIWMYG2Qb++2ROpn7GaAzpBziO5QS7GOwD/It4tOyRkJzRp3YoowUcW3P1vtmKSCRppwrFTTdRLtZVhqRjgdFFqpogkmPdyhTWMjLKjystEiA7RvSBuFsTQn0mhEf9/IsFCqLwIzKbDuqulsCP/LmqkOT72MRUmqaUTGD4UpRzpGw1ZQm0lKNO8bg4lk5q+IdLHERJvuCqYEd3rlWVM7KrlOyb06LpYv78d15GEH9uAAXDiBMlxABapA4AGe4AVerUfr2Xqz3sejOWtS4Tb8kfXxDVfrmK0=</latexit><latexit sha1_base64="QCRHzdgxYk8fL2e+y6TFNyH/ols=">AAACCHicbZBLSwMxFIXv1Fetr1GXLgwWwYWUGRF0IxTcCG4q2Ae0w5BJM21sMjMkGaEMFTdu/CtuXCji1p/gzn9j+kC09UDg8J0bknuChDOlHefLys3NLywu5ZcLK6tr6xv25lZNxakktEpiHstGgBXlLKJVzTSnjURSLAJO60HvfJjXb6lULI6udT+hnsCdiIWMYG2Qb++2ROpn7GaAzpBziO5QS7GOwD/It4tOyRkJzRp3YoowUcW3P1vtmKSCRppwrFTTdRLtZVhqRjgdFFqpogkmPdyhTWMjLKjystEiA7RvSBuFsTQn0mhEf9/IsFCqLwIzKbDuqulsCP/LmqkOT72MRUmqaUTGD4UpRzpGw1ZQm0lKNO8bg4lk5q+IdLHERJvuCqYEd3rlWVM7KrlOyb06LpYv78d15GEH9uAAXDiBMlxABapA4AGe4AVerUfr2Xqz3sejOWtS4Tb8kfXxDVfrmK0=</latexit>

1.   Sample weights: 
2.   Forward pass: Ypred = NN(X, ŵ, b)

<latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit><latexit sha1_base64="U9M4HNpKh9Zfr0qQpvjBqh8La2E=">AAACC3icbVDLSgNBEJz1GeMr6tHLkCBECGFXBL0IAS+CECKYhyTLMjuZJENmZ5eZXjUsAY9e/BUvHhTx6g9482+cPA6aWNBQVHXT3eVHgmuw7W9rYXFpeWU1tZZe39jc2s7s7NZ0GCvKqjQUoWr4RDPBJasCB8EakWIk8AWr+/3zkV+/ZUrzUF7DIGJuQLqSdzglYCQvk73xkhawe0jMWHs4xGe4XM43CrjVI4DvCtg/9DI5u2iPgeeJMyU5NEXFy3y12iGNAyaBCqJ107EjcBOigFPBhulWrFlEaJ90WdNQSQKm3WT8yxAfGKWNO6EyJQGP1d8TCQm0HgS+6QwI9PSsNxL/85oxdE7dhMsoBibpZFEnFhhCPAoGt7liFMTAEEIVN7di2iOKUDDxpU0IzuzL86R2VHTsonN1nCtdPkziSKF9lEV55KATVEIXqIKqiKJH9Ixe0Zv1ZL1Y79bHpHXBmka4h/7A+vwBp62Z6A==</latexit>

Training on a mini-batch     with labels    :                    X
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ŵij = µij + ✏̂ij�ij , ✏̂ij ⇠ N (0, 1)
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3.   Backward pass + SGD step:  compute stochastic gradients of ELBO:
rµ,log �,b

⇣
N · Loss

�
Y, Y

pred

�
+ SparseReg(�/µ)

⌘

<latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit><latexit sha1_base64="GeW5vUX4qrJ9rgZDOJvHjMwvzTQ="></latexit>

Final algorithm
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Lenet-5-Caffe and Lenet-300-100 on MNIST
Fully Connected network: LeNet-300-100                               Convolutional network:   Lenet-5-Caffe   
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Figure 2. Original parameterization vs Additive Noise Reparam-
eterization. Additive Noise Reparameterization leads to a much
faster convergence, a better value of the variational lower bound
and a higher sparsity level.

ever, we only need to make a several epochs (10-30) in or-
der for our method to converge from a pre-trained network.

We train all networks using Adam (Kingma & Ba, 2014).
When we start from a random initialization, we train for
200 epochs and linearly decay the learning rate from 10

�4

to zero. When we start from a pre-trained model, we fine-
tune for 10-30 epochs with learning rate 10

�5.

5.2. Variance Reduction

To see how Additive Noise Reparameterization reduces the
variance, we compare it with the original parameteriza-
tion. We used a fully-connected architecture with two lay-
ers with 1000 neurons each. Both models were trained with
identical random initializations and with the same learning
rate, equal to 10

�4. We did not rescale the KL term during
training. It is interesting that the original version of Vari-
ational Dropout with our approximation of KL-divergence
and with no restriction on alphas also provides a sparse so-
lution. However, our method has much better convergence
rate and provides higher sparsity and a better value of the
variational lower bound.

5.3. LeNet-300-100 and LeNet5 on MNIST

We compare our method with other methods of training
sparse neural networks on the MNIST dataset using a fully-
connected architecture LeNet-300-100 and a convolutional
architecture LeNet-5-Caffe1. These networks were trained
from a random initialization and without data augmenta-
tion. We consider pruning (Han et al., 2015b;a), Dynamic
Network Surgery (Guo et al., 2016) and Soft Weight Shar-
ing (Ullrich et al., 2017). In these architectures, our method
achieves a state-of-the-art level of sparsity, while its accu-
racy is comparable to other methods. It should be noted

1A modified version of LeNet5 from (LeCun et al., 1998).
Caffe Model specification: https://goo.gl/4yI3dL

Network Method Error % Sparsity per Layer % |W|
|W 6=0|

Original 1.64 1
Pruning 1.59 92.0� 91.0� 74.0 12

LeNet-300-100 DNS 1.99 98.2� 98.2� 94.5 56
SWS 1.94 23

(ours) Sparse VD 1.92 98.9� 97.2� 62.0 68
Original 0.80 1
Pruning 0.77 34� 88� 92.0� 81 12

LeNet-5-Caffe DNS 0.91 86� 97� 99.3� 96 111
SWS 0.97 200

(ours) Sparse VD 0.75 67� 98� 99.8� 95 280

Table 1. Comparison of different sparsity-inducing techniques
(Pruning (Han et al., 2015b;a), DNS (Guo et al., 2016), SWS (Ull-
rich et al., 2017)) on LeNet architectures. Our method provides
the highest level of sparsity with a similar accuracy.

that we only consider the level of sparsity and not the final
compression ratio.

5.4. VGG-like on CIFAR-10 and CIFAR-100

To demonstrate that our method scales to large modern ar-
chitectures, we apply it to a VGG-like network (Zagoruyko,
2015) adapted for the CIFAR-10 (Krizhevsky & Hinton,
2009) dataset. The network consists of 13 convolutional
and two fully-connected layers, each layer followed by
pre-activation batch normalization and Binary Dropout.
We experiment with different sizes of this architecture
by scaling the number of units in each network by k 2
{0.25, 0.5, 1.0, 1.5}. We use CIFAR-10 and CIFAR-100
for evaluation. The reported error of this architecture on
the CIFAR-10 dataset with k = 1 is 7.55%. As no pre-
trained weights are available, we train our own network and
achieve 7.3% error. Sparse VD also achieves 7.3% error for
k = 1, but retains 48⇥ less weights.

We observe underfitting while training our model from a
random initialization, so we pre-train the network with Bi-
nary Dropout and L2 regularization. It should be noted that
most modern DNN compression techniques also can be ap-
plied only to pre-trained networks and work best with net-
works, trained with L2 regularization (Han et al., 2015b).

Our method achieves over 65x sparsification on the CIFAR-
10 dataset with no accuracy drop and up to 41x sparsifica-
tion on CIFAR-100 with a moderate accuracy drop.

5.5. Random Labels

Recently is was shown that the CNNs are capable of mem-
orizing the data even with random labeling (Zhang et al.,
2016). The standard dropout as well as other regulariza-
tion techniques did not prevent this behaviour. Following
that work, we also experiment with the random labeling
of data. We use a fully-connected network on the MNIST
dataset and VGG-like networks on CIFAR-10. We put Bi-



/ 92

Variational Dropout Sparsifies Deep Neural Networks

(a) Results on the CIFAR-10 dataset (b) Results on the CIFAR-100 dataset
Figure 3. Accuracy and sparsity level for VGG-like architectures of different sizes. The number of neurons and filters scales as k. Dense
networks were trained with Binary Dropout, and Sparse VD networks were trained with Sparse Variational Dropout on all layers. The
overall sparsity level, achieved by our method, is reported as a dashed line. The accuracy drop is negligible in most cases, and the
sparsity level is high, especially in larger networks.

nary Dropout (BD) with dropout rate p = 0.5 on all fully-
connected layers of these networks. We observe that these
architectures can fit a random labeling even with Binary
Dropout. However, our model decides to drop every single
weight and provide a constant prediction. It is still possible
to make our model learn random labeling by initializing it
with a network, pre-trained on this random labeling, and
then finetuning it. However, the variational lower bound
L(✓,↵) in this case is lower than in the case of 100% spar-
sity. These observations may mean that Sparse VD im-
plicitly penalizes memorization and favors generalization.
However, this still requires a more thorough investigation.

6. Discussion
The “Occam’s razor” principle states that unnecessarily
complex should not be preferred to simpler ones (MacKay,
1992). Automatic Relevance Determination is effectively
a Bayesian implementation of this principle that occurs in
different cases. Previously, it was mostly studied in the case
of factorized Gaussian prior in linear models, Gaussian
Processes, etc. In the Relevance Tagging Machine model
(Molchanov et al., 2015) the same effect was achieved us-
ing Beta distributions as a prior. Finally, in this work, the
ARD-effect is reproduced in an entirely different setting.
We consider a fixed prior and train the model using vari-
ational inference. In this case, the ARD effect is caused
by the particular combination of the approximate posterior
distribution family and prior distribution, and not by model
selection. This way we can abandon the empirical Bayes
approach that is known to overfit (Cawley, 2010).

We observed that if we allow Variational Dropout to drop
irrelevant weights automatically, it ends up cutting most
of the model weights. This result correlates with results
of other works on training of sparse neural networks (Han
et al., 2015a; Wen et al., 2016; Ullrich et al., 2017; So-
ravit Changpinyo, 2017). All these works can be viewed

as a kind of regularization of neural networks, as they re-
strict the model complexity. Further investigation of such
redundancy may lead to an understanding of generalization
properties of DNNs and explain the phenomenon, observed
by (Zhang et al., 2016). According to that paper, although
modern DNNs generalize well in practice, they can also
easily learn a random labeling of data. Interestingly, it is
not the case for our model, as a network with zero weights
has a higher value of objective than a trained network.

In this paper we study only the level of sparsity and do not
report the actual network compression. However, our ap-
proach can be combined with other modern techniques of
network compression, e.g. quantization and Huffman cod-
ing (Han et al., 2015a; Ullrich et al., 2017), as they use spar-
sification as an intermediate step. As our method provides a
higher level of sparsity, we believe that it can improve these
techniques even further. Another possible direction for fu-
ture research is to find a way to obtain structured sparsity
using our framework. As reported by (Wen et al., 2016),
structured sparsity is crucial to acceleration of DNNs.
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No dependency between data and labels ⇒ Sparse VD yields an empty model 
where conventional models easily overfit.

Random Labeling
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Sparse variational dropout: key messages
• Prior distribution can encode our desirable model properties               

(e. g. sparse weights) 
• Other Bayesian compression techniques: 

• group sparsification (removing neurons / filters) 
• quantization (low-precision weights)
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Summary
• A lot of BNN advantages: regularization, ensembling, uncertainty estimation, … 

• To train BNN, one should optimize ELBO using DSVI & RT 

• Three steps towards a particular method 

• Using binary dropout means being Bayesian 

• Prior distribution can encode our desirable model properties
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Software
• Pyro (based on PyTorch) 
• TensorFlow Probability (based on TensorFlow) 
• Edward (based on TensorFlow) 
• PyMC (based on Theano, pre-release with TensorFlow Probability) 
• https://github.com/JavierAntoran/Bayesian-Neural-Networks - PyTorch 

implementations of popular Bayesian deep learning papers
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https://github.com/nadiinchi/bm_tutorial 

assignment_practice.ipynb

Practical assignment

https://github.com/nadiinchi/bm_tutorial

