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Learning Algorithm

• Learning algorithms are just optimization algorithms and are about credit assignment!

Adjust parameters based on loss ó Assign credits based on contribution

• The most successful learning algorithm in machine learning so far is gradient based learning!

Stochastic gradient descent (SGD) [1], introduced in 1951 by Herbert Robbins and Sutton Monro

• Back-propagation (BP) = an efficient SGD in the context of deep learning

o BP has been independently discovered many times (see the history of deep learning in the 1st lecture)
o BP was first shown to successfully train neural networks and learn useful representations in 1986 [2] by David 

Rumelhart, Geoffrey Hinton, and Ronald Williams 
o BP is the most successful learning algorithm so far for training feedforward neural networks 
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<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x
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<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

Consider a MLP as follows. Recall what we do in the forward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Input Sample
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<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x
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<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

Consider a MLP as follows. Recall what we do in the forward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Input Sample
<latexit sha1_base64="btMqOuXehFbwq81iDEQLAvXHEeM="></latexit>

h1 = � (W1x)
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<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x
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<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

Consider a MLP as follows. Recall what we do in the forward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Input Sample
<latexit sha1_base64="btMqOuXehFbwq81iDEQLAvXHEeM="></latexit>

h1 = � (W1x)
<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
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…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

Consider a MLP as follows. Recall what we do in the forward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Input Sample
<latexit sha1_base64="btMqOuXehFbwq81iDEQLAvXHEeM="></latexit>

h1 = � (W1x)
<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="CYocuu9NkgfNm3TGDhYTVlfBlvM="></latexit>

hM = � (WMhM�1)

…
…
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…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

Consider a MLP as follows. Recall what we do in the forward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Input Sample
<latexit sha1_base64="btMqOuXehFbwq81iDEQLAvXHEeM="></latexit>

h1 = � (W1x)
<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="CYocuu9NkgfNm3TGDhYTVlfBlvM="></latexit>

hM = � (WMhM�1)

…
…

<latexit sha1_base64="LKhr1aCWcbJkKMdrMLB69ZsWEMU="></latexit>

y = WM+1hM
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…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

Consider a MLP as follows. Recall what we do in the forward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Input Sample
<latexit sha1_base64="btMqOuXehFbwq81iDEQLAvXHEeM="></latexit>

h1 = � (W1x)
<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="CYocuu9NkgfNm3TGDhYTVlfBlvM="></latexit>

hM = � (WMhM�1)

…
…

Loss:
<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="LKhr1aCWcbJkKMdrMLB69ZsWEMU="></latexit>

y = WM+1hM
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…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

Consider a MLP as follows. Recall what we do in the forward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Input Sample
<latexit sha1_base64="btMqOuXehFbwq81iDEQLAvXHEeM="></latexit>

h1 = � (W1x)
<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="CYocuu9NkgfNm3TGDhYTVlfBlvM="></latexit>

hM = � (WMhM�1)

…
…

Loss:

Mini-batch version:

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="XzSBaLOD+9gdgd817mnyt8LiEUs="></latexit>

L =
1

B

BX

i=1

`(yi, ȳi)

<latexit sha1_base64="LKhr1aCWcbJkKMdrMLB69ZsWEMU="></latexit>

y = WM+1hM



Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Gradient: for a scalar-valued differentiable function                           of multiple variables, the gradient 

evaluated at                                             is
<latexit sha1_base64="NlHjosI+tEdojHEOhYlZ2kfcxfQ="></latexit>

rf(p) =

2

64

@f
@x1

(p)
...

@f
@xn

(p)

3

75

<latexit sha1_base64="hppY3biwM3gW+cZQphp1d2pg7nI=">AAACQ3icbVDLSsNAFJ34rO9Wl24Gi+JCSiK+cCW6caliH9DEMplO2qHzCDMTtYT+gV/jVrd+hN/gTtwKTmqQVj1w4XDOvdx7Txgzqo3rvjoTk1PTM7OFufmFxaXllWJptaZlojCpYsmkaoRIE0YFqRpqGGnEiiAeMlIPe2eZX78lSlMprk0/JgFHHUEjipGxUqu4FR1DnyPTDcP0anAjoK9op2uQUvJuxGgVy27FHQL+JV5OyiDHRavkTPttiRNOhMEMad303NgEKVKGYkYG836iSYxwD3VI01KBONFBOnxoADet0oaRVLaEgUN1dCJFXOs+D21ndqL+7WXif14zMdFRkFIRJ4YI/L0oShg0EmbpwDZVBBvWtwRhRe2tEHeRQtjYDMe3sI60DV2+88Movh/7Kw15Fpz3O6a/pLZb8Q4q+5d75ZPTPMICWAcbYBt44BCcgHNwAaoAgwfwCJ7As/PivDnvzsd364STz6yBMTifXzFVsbQ=</latexit>

f : Rn ! R
<latexit sha1_base64="Go8trGoOHeWrDSRnlBGekoUNCVE="></latexit>

rf : Rn ! Rn

<latexit sha1_base64="eITJ27QqZPK0OCu1yVMmtBYPd/A="></latexit>

p = [p1,p2, . . . ,pn]
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Gradient: for a scalar-valued differentiable function                           of multiple variables, the gradient 

evaluated at                                             is

Jacobian: for a vector-valued differentiable function                              of multiple variables, the Jacobian matrix 

evaluated at                                             is
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & single variable

<latexit sha1_base64="EBuqrhMe2539wyfzuJIt23mDYIA="></latexit>

f : R ! R
<latexit sha1_base64="3eNNnCja3wOwE/2WZmTA/yym2H8="></latexit>
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & single variable
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= rf(g(x))rg(x)



Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & single variable
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & single variable

• Scalar-valued & multiple variables

<latexit sha1_base64="EBuqrhMe2539wyfzuJIt23mDYIA="></latexit>
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & single variable

• Scalar-valued & multiple variables

<latexit sha1_base64="EBuqrhMe2539wyfzuJIt23mDYIA="></latexit>

f : R ! R
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=
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We can derive it from the single variable case!



Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & multiple variables
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & multiple variables
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & multiple variables
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & multiple variables
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Backpropagation
Before we introduce backpropagation, let us review several concepts in vector calculus.

Chain Rule: the derivative of the composition of two differentiable functions in terms of the derivatives of individual functions
• Scalar-valued & multiple variables
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Backpropagation
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<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:
<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="NZqsW+JOCKRKqodWAK00qYEP+J8=">AAACKHicbVDLSgMxFM2o1VpfrS7dBIvgQsqM+FoW3bgRKtgHtEPJpJk2NI8xyYhl6He41a1f40669UvMtIPY1gOBwzn3ck9OEDGqjetOnJXVtdz6Rn6zsLW9s7tXLO03tIwVJnUsmVStAGnCqCB1Qw0jrUgRxANGmsHwNvWbz0RpKsWjGUXE56gvaEgxMlbyOxyZQRDCQTe5H3eLZbfiTgGXiZeRMshQ65acXKcnccyJMJghrdueGxk/QcpQzMi40Ik1iRAeoj5pWyoQJ9pPpqnH8NgqPRhKZZ8wcKr+3UgQ13rEAzuZptSLXir+57VjE177CRVRbIjAs0NhzKCRMK0A9qgi2LCRJQgrarNCPEAKYWOLmr/C+tIODPjpL6P4Ze5fScDT4rzFmpZJ46ziXVYuHs7L1Zuswjw4BEfgBHjgClTBHaiBOsDgCbyCN/DufDifzpczmY2uONnOAZiD8/0Dmiem6g==</latexit>

hM



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Apply the chain rule we learned before:

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="NZqsW+JOCKRKqodWAK00qYEP+J8=">AAACKHicbVDLSgMxFM2o1VpfrS7dBIvgQsqM+FoW3bgRKtgHtEPJpJk2NI8xyYhl6He41a1f40669UvMtIPY1gOBwzn3ck9OEDGqjetOnJXVtdz6Rn6zsLW9s7tXLO03tIwVJnUsmVStAGnCqCB1Qw0jrUgRxANGmsHwNvWbz0RpKsWjGUXE56gvaEgxMlbyOxyZQRDCQTe5H3eLZbfiTgGXiZeRMshQ65acXKcnccyJMJghrdueGxk/QcpQzMi40Ik1iRAeoj5pWyoQJ9pPpqnH8NgqPRhKZZ8wcKr+3UgQ13rEAzuZptSLXir+57VjE177CRVRbIjAs0NhzKCRMK0A9qgi2LCRJQgrarNCPEAKYWOLmr/C+tIODPjpL6P4Ze5fScDT4rzFmpZJ46ziXVYuHs7L1Zuswjw4BEfgBHjgClTBHaiBOsDgCbyCN/DufDifzpczmY2uONnOAZiD8/0Dmiem6g==</latexit>

hM

<latexit sha1_base64="s4YaNdIWCOgRzcClXS4/am91r44="></latexit>

@L

@hM
=

✓
@y

@hM

◆> @L

@y



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Apply the chain rule we learned before:

Recall

We have

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="LKhr1aCWcbJkKMdrMLB69ZsWEMU="></latexit>

y = WM+1hM

<latexit sha1_base64="NZqsW+JOCKRKqodWAK00qYEP+J8=">AAACKHicbVDLSgMxFM2o1VpfrS7dBIvgQsqM+FoW3bgRKtgHtEPJpJk2NI8xyYhl6He41a1f40669UvMtIPY1gOBwzn3ck9OEDGqjetOnJXVtdz6Rn6zsLW9s7tXLO03tIwVJnUsmVStAGnCqCB1Qw0jrUgRxANGmsHwNvWbz0RpKsWjGUXE56gvaEgxMlbyOxyZQRDCQTe5H3eLZbfiTgGXiZeRMshQ65acXKcnccyJMJghrdueGxk/QcpQzMi40Ik1iRAeoj5pWyoQJ9pPpqnH8NgqPRhKZZ8wcKr+3UgQ13rEAzuZptSLXir+57VjE177CRVRbIjAs0NhzKCRMK0A9qgi2LCRJQgrarNCPEAKYWOLmr/C+tIODPjpL6P4Ze5fScDT4rzFmpZJ46ziXVYuHs7L1Zuswjw4BEfgBHjgClTBHaiBOsDgCbyCN/DufDifzpczmY2uONnOAZiD8/0Dmiem6g==</latexit>

hM

<latexit sha1_base64="s4YaNdIWCOgRzcClXS4/am91r44="></latexit>

@L

@hM
=

✓
@y

@hM

◆> @L

@y

<latexit sha1_base64="lD9fo1m7D+o9bXle5LMKB3CFIXg="></latexit>

@y

@hM
= WM+1



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Ideally, chain rule should be something like

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Fj5VONogZFAmPmp1zjUi4+72MAI="></latexit>

@L

@WM+1
=

@L

@y

@y

@WM+1



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Ideally, chain rule should be something like

But this is wrong, since                      is the 

derivative of a vector w.r.t. a matrix, shapes do 
not work out!

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Fj5VONogZFAmPmp1zjUi4+72MAI="></latexit>

@L

@WM+1
=

@L

@y

@y

@WM+1
<latexit sha1_base64="7VJwdgDBMyNy9zyTIJiCPEhosrE="></latexit>

@y

@WM+1



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Note          only depends on 

does not depend on

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="ZI2hHaiNorx0IWyfoDf33CYLrOI=">AAACKHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/QDiWTZtrQZGZMMuIwzHe41a1f40669UvMtIPY1gOBwzn3ck+OG3KmtGVNYWFtvbixWdoqb+/s7u1XqgdtFUSS0BYJeCC7LlaUM5+2NNOcdkNJsXA57biTu8zvPFOpWOA/6jikjsAjn3mMYG0kpy+wHrteEqc95gwqNatuzYBWiZ2TGsjRHFRhsT8MSCSorwnHSvVsK9ROgqVmhNO03I8UDTGZ4BHtGepjQZWTzFKn6MQoQ+QF0jxfo5n6dyPBQqlYuGYyS6mWvUz8z+tF2rtxEuaHkaY+mR/yIo50gLIK0JBJSjSPDcFEMpMVkTGWmGhT1OIVPgrMwFic/TJGXhb+lbgiNcXZyzWtkvZ53b6qXz5c1Bq3eYUlcASOwSmwwTVogHvQBC1AwBN4BW/gHX7AT/gFp/PRAsx3DsEC4PcPS8enUA==</latexit>

y[i]
<latexit sha1_base64="jLtQQwtKcjRZYQ7KykTUiIqU7qg=">AAACKHicbVDLSgMxFM1Uq7W+Wl26CRZBsJQZ8YWrohs3QgX7gOlQMmnahiaZMcmIZZjvcKtbv8addOuXmLaD2NYDgcM553Jvjh8yqrRtj63Mymp2bT23kd/c2t7ZLRT3GiqIJCZ1HLBAtnykCKOC1DXVjLRCSRD3GWn6w9uJ33wmUtFAPOpRSDyO+oL2KEbaSF6zE9+fOIlLy/Da6xRKdsWeAi4TJyUlkKLWKVrZdjfAESdCY4aUch071F6MpKaYkSTfjhQJER6iPnENFYgT5cXTqxN4ZJQu7AXSPKHhVP07ESOu1Ij7JsmRHqhFbyL+57mR7l15MRVhpInAs0W9iEEdwEkFsEslwZqNDEFYUnMrxAMkEdamqPktrB+YwICXfxnFL3P/in2emOKcxZqWSeO04lxUzh/OStWbtMIcOACH4Bg44BJUwR2ogTrA4Am8gjfwbn1Yn9aXNZ5FM1Y6sw/mYH3/AOTMpe4=</latexit>

WM+1[i, :]

<latexit sha1_base64="fC6l6cZ3vrUua1DFParzlZ4OID0="></latexit>

WM+1[j, :] 8j 6= i
<latexit sha1_base64="byE5Awl7YAq7uvuayzFnGWWRpRQ="></latexit>

y[i] =
X

j

WM+1[i, j]h[j]



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Note          only depends on 

does not depend on

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="ZI2hHaiNorx0IWyfoDf33CYLrOI=">AAACKHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/QDiWTZtrQZGZMMuIwzHe41a1f40669UvMtIPY1gOBwzn3ck+OG3KmtGVNYWFtvbixWdoqb+/s7u1XqgdtFUSS0BYJeCC7LlaUM5+2NNOcdkNJsXA57biTu8zvPFOpWOA/6jikjsAjn3mMYG0kpy+wHrteEqc95gwqNatuzYBWiZ2TGsjRHFRhsT8MSCSorwnHSvVsK9ROgqVmhNO03I8UDTGZ4BHtGepjQZWTzFKn6MQoQ+QF0jxfo5n6dyPBQqlYuGYyS6mWvUz8z+tF2rtxEuaHkaY+mR/yIo50gLIK0JBJSjSPDcFEMpMVkTGWmGhT1OIVPgrMwFic/TJGXhb+lbgiNcXZyzWtkvZ53b6qXz5c1Bq3eYUlcASOwSmwwTVogHvQBC1AwBN4BW/gHX7AT/gFp/PRAsx3DsEC4PcPS8enUA==</latexit>

y[i]
<latexit sha1_base64="jLtQQwtKcjRZYQ7KykTUiIqU7qg=">AAACKHicbVDLSgMxFM1Uq7W+Wl26CRZBsJQZ8YWrohs3QgX7gOlQMmnahiaZMcmIZZjvcKtbv8addOuXmLaD2NYDgcM553Jvjh8yqrRtj63Mymp2bT23kd/c2t7ZLRT3GiqIJCZ1HLBAtnykCKOC1DXVjLRCSRD3GWn6w9uJ33wmUtFAPOpRSDyO+oL2KEbaSF6zE9+fOIlLy/Da6xRKdsWeAi4TJyUlkKLWKVrZdjfAESdCY4aUch071F6MpKaYkSTfjhQJER6iPnENFYgT5cXTqxN4ZJQu7AXSPKHhVP07ESOu1Ij7JsmRHqhFbyL+57mR7l15MRVhpInAs0W9iEEdwEkFsEslwZqNDEFYUnMrxAMkEdamqPktrB+YwICXfxnFL3P/in2emOKcxZqWSeO04lxUzh/OStWbtMIcOACH4Bg44BJUwR2ogTrA4Am8gjfwbn1Yn9aXNZ5FM1Y6sw/mYH3/AOTMpe4=</latexit>

WM+1[i, :]

<latexit sha1_base64="fC6l6cZ3vrUua1DFParzlZ4OID0="></latexit>

WM+1[j, :] 8j 6= i
<latexit sha1_base64="byE5Awl7YAq7uvuayzFnGWWRpRQ="></latexit>

y[i] =
X

j

WM+1[i, j]h[j]

<latexit sha1_base64="2H857vQvjJ8z/aLuecQeiUED+qw="></latexit>

@y[i]

@WM+1[i, j]
= h[j]



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Note          only depends on 

does not depend on

We have

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="ZI2hHaiNorx0IWyfoDf33CYLrOI=">AAACKHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/QDiWTZtrQZGZMMuIwzHe41a1f40669UvMtIPY1gOBwzn3ck+OG3KmtGVNYWFtvbixWdoqb+/s7u1XqgdtFUSS0BYJeCC7LlaUM5+2NNOcdkNJsXA57biTu8zvPFOpWOA/6jikjsAjn3mMYG0kpy+wHrteEqc95gwqNatuzYBWiZ2TGsjRHFRhsT8MSCSorwnHSvVsK9ROgqVmhNO03I8UDTGZ4BHtGepjQZWTzFKn6MQoQ+QF0jxfo5n6dyPBQqlYuGYyS6mWvUz8z+tF2rtxEuaHkaY+mR/yIo50gLIK0JBJSjSPDcFEMpMVkTGWmGhT1OIVPgrMwFic/TJGXhb+lbgiNcXZyzWtkvZ53b6qXz5c1Bq3eYUlcASOwSmwwTVogHvQBC1AwBN4BW/gHX7AT/gFp/PRAsx3DsEC4PcPS8enUA==</latexit>

y[i]
<latexit sha1_base64="jLtQQwtKcjRZYQ7KykTUiIqU7qg=">AAACKHicbVDLSgMxFM1Uq7W+Wl26CRZBsJQZ8YWrohs3QgX7gOlQMmnahiaZMcmIZZjvcKtbv8addOuXmLaD2NYDgcM553Jvjh8yqrRtj63Mymp2bT23kd/c2t7ZLRT3GiqIJCZ1HLBAtnykCKOC1DXVjLRCSRD3GWn6w9uJ33wmUtFAPOpRSDyO+oL2KEbaSF6zE9+fOIlLy/Da6xRKdsWeAi4TJyUlkKLWKVrZdjfAESdCY4aUch071F6MpKaYkSTfjhQJER6iPnENFYgT5cXTqxN4ZJQu7AXSPKHhVP07ESOu1Ij7JsmRHqhFbyL+57mR7l15MRVhpInAs0W9iEEdwEkFsEslwZqNDEFYUnMrxAMkEdamqPktrB+YwICXfxnFL3P/in2emOKcxZqWSeO04lxUzh/OStWbtMIcOACH4Bg44BJUwR2ogTrA4Am8gjfwbn1Yn9aXNZ5FM1Y6sw/mYH3/AOTMpe4=</latexit>

WM+1[i, :]

<latexit sha1_base64="fC6l6cZ3vrUua1DFParzlZ4OID0="></latexit>

WM+1[j, :] 8j 6= i

<latexit sha1_base64="fT9USnyyoB/u8msva7nZSo/UqeQ="></latexit>

@L

@WM+1[i, j]
=

@L

@y[i]

@y[i]

@WM+1[i, j]
=

@L

@y[i]
h[j]

<latexit sha1_base64="byE5Awl7YAq7uvuayzFnGWWRpRQ="></latexit>

y[i] =
X

j

WM+1[i, j]h[j]

<latexit sha1_base64="2H857vQvjJ8z/aLuecQeiUED+qw="></latexit>

@y[i]

@WM+1[i, j]
= h[j]



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Note          only depends on 

does not depend on

We have

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="ZI2hHaiNorx0IWyfoDf33CYLrOI=">AAACKHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/QDiWTZtrQZGZMMuIwzHe41a1f40669UvMtIPY1gOBwzn3ck+OG3KmtGVNYWFtvbixWdoqb+/s7u1XqgdtFUSS0BYJeCC7LlaUM5+2NNOcdkNJsXA57biTu8zvPFOpWOA/6jikjsAjn3mMYG0kpy+wHrteEqc95gwqNatuzYBWiZ2TGsjRHFRhsT8MSCSorwnHSvVsK9ROgqVmhNO03I8UDTGZ4BHtGepjQZWTzFKn6MQoQ+QF0jxfo5n6dyPBQqlYuGYyS6mWvUz8z+tF2rtxEuaHkaY+mR/yIo50gLIK0JBJSjSPDcFEMpMVkTGWmGhT1OIVPgrMwFic/TJGXhb+lbgiNcXZyzWtkvZ53b6qXz5c1Bq3eYUlcASOwSmwwTVogHvQBC1AwBN4BW/gHX7AT/gFp/PRAsx3DsEC4PcPS8enUA==</latexit>

y[i]
<latexit sha1_base64="jLtQQwtKcjRZYQ7KykTUiIqU7qg=">AAACKHicbVDLSgMxFM1Uq7W+Wl26CRZBsJQZ8YWrohs3QgX7gOlQMmnahiaZMcmIZZjvcKtbv8addOuXmLaD2NYDgcM553Jvjh8yqrRtj63Mymp2bT23kd/c2t7ZLRT3GiqIJCZ1HLBAtnykCKOC1DXVjLRCSRD3GWn6w9uJ33wmUtFAPOpRSDyO+oL2KEbaSF6zE9+fOIlLy/Da6xRKdsWeAi4TJyUlkKLWKVrZdjfAESdCY4aUch071F6MpKaYkSTfjhQJER6iPnENFYgT5cXTqxN4ZJQu7AXSPKHhVP07ESOu1Ij7JsmRHqhFbyL+57mR7l15MRVhpInAs0W9iEEdwEkFsEslwZqNDEFYUnMrxAMkEdamqPktrB+YwICXfxnFL3P/in2emOKcxZqWSeO04lxUzh/OStWbtMIcOACH4Bg44BJUwR2ogTrA4Am8gjfwbn1Yn9aXNZ5FM1Y6sw/mYH3/AOTMpe4=</latexit>

WM+1[i, :]

<latexit sha1_base64="fC6l6cZ3vrUua1DFParzlZ4OID0="></latexit>

WM+1[j, :] 8j 6= i

<latexit sha1_base64="fT9USnyyoB/u8msva7nZSo/UqeQ="></latexit>

@L

@WM+1[i, j]
=

@L

@y[i]

@y[i]

@WM+1[i, j]
=

@L

@y[i]
h[j]

<latexit sha1_base64="xO3v95lLR3EqZ1LAQkthWZUtWC0="></latexit>

@L

@WM+1
=

@L

@y
h>

<latexit sha1_base64="byE5Awl7YAq7uvuayzFnGWWRpRQ="></latexit>

y[i] =
X

j

WM+1[i, j]h[j]

<latexit sha1_base64="2H857vQvjJ8z/aLuecQeiUED+qw="></latexit>

@y[i]

@WM+1[i, j]
= h[j]



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="9/o1+W3WL/SI5cs+l14Ag/B+nO4=">AAACKHicbVDLSgMxFE3Uaq2vVpduBovgQspM8bUsunFZwT6gHUomzXRCk8mYZMQyzHe41a1f40669UvMtIPY1gOBwzn3ck+OFzGqtG1P4dr6RmFzq7hd2tnd2z8oVw7bSsQSkxYWTMiuhxRhNCQtTTUj3UgSxD1GOt74LvM7z0QqKsJHPYmIy9EopD7FSBvJ7XOkA89PgnRQLw3KVbtmz2CtEicnVZCjOajAQn8ocMxJqDFDSvUcO9JugqSmmJG01I8ViRAeoxHpGRoiTpSbzFKn1qlRhpYvpHmhtmbq340EcaUm3DOTWUq17GXif14v1v6Nm9AwijUJ8fyQHzNLCyurwBpSSbBmE0MQltRktXCAJMLaFLV4hY2EGQj4+S+j+GXhX4nHU1Ocs1zTKmnXa85V7fLhotq4zSssgmNwAs6AA65BA9yDJmgBDJ7AK3gD7/ADfsIvOJ2PrsF85wgsAH7/AEe9prk=</latexit>

h2



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :
We know

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="s4YaNdIWCOgRzcClXS4/am91r44="></latexit>

@L

@hM
=

✓
@y

@hM

◆> @L

@y

<latexit sha1_base64="9/o1+W3WL/SI5cs+l14Ag/B+nO4=">AAACKHicbVDLSgMxFE3Uaq2vVpduBovgQspM8bUsunFZwT6gHUomzXRCk8mYZMQyzHe41a1f40669UvMtIPY1gOBwzn3ck+OFzGqtG1P4dr6RmFzq7hd2tnd2z8oVw7bSsQSkxYWTMiuhxRhNCQtTTUj3UgSxD1GOt74LvM7z0QqKsJHPYmIy9EopD7FSBvJ7XOkA89PgnRQLw3KVbtmz2CtEicnVZCjOajAQn8ocMxJqDFDSvUcO9JugqSmmJG01I8ViRAeoxHpGRoiTpSbzFKn1qlRhpYvpHmhtmbq340EcaUm3DOTWUq17GXif14v1v6Nm9AwijUJ8fyQHzNLCyurwBpSSbBmE0MQltRktXCAJMLaFLV4hY2EGQj4+S+j+GXhX4nHU1Ocs1zTKmnXa85V7fLhotq4zSssgmNwAs6AA65BA9yDJmgBDJ7AK3gD7/ADfsIvOJ2PrsF85wgsAH7/AEe9prk=</latexit>

h2



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :
We know

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="s4YaNdIWCOgRzcClXS4/am91r44="></latexit>

@L

@hM
=

✓
@y

@hM

◆> @L

@y

<latexit sha1_base64="9/o1+W3WL/SI5cs+l14Ag/B+nO4=">AAACKHicbVDLSgMxFE3Uaq2vVpduBovgQspM8bUsunFZwT6gHUomzXRCk8mYZMQyzHe41a1f40669UvMtIPY1gOBwzn3ck+OFzGqtG1P4dr6RmFzq7hd2tnd2z8oVw7bSsQSkxYWTMiuhxRhNCQtTTUj3UgSxD1GOt74LvM7z0QqKsJHPYmIy9EopD7FSBvJ7XOkA89PgnRQLw3KVbtmz2CtEicnVZCjOajAQn8ocMxJqDFDSvUcO9JugqSmmJG01I8ViRAeoxHpGRoiTpSbzFKn1qlRhpYvpHmhtmbq340EcaUm3DOTWUq17GXif14v1v6Nm9AwijUJ8fyQHzNLCyurwBpSSbBmE0MQltRktXCAJMLaFLV4hY2EGQj4+S+j+GXhX4nHU1Ocs1zTKmnXa85V7fLhotq4zSssgmNwAs6AA65BA9yDJmgBDJ7AK3gD7/ADfsIvOJ2PrsF85wgsAH7/AEe9prk=</latexit>

h2

<latexit sha1_base64="/5/l5gQl+knlh4uVXUhTby/bX4o="></latexit>

@L

@hM�1
=

✓
@hM

@hM�1

◆> @L

@hM



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :
We know

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="s4YaNdIWCOgRzcClXS4/am91r44="></latexit>

@L

@hM
=

✓
@y

@hM

◆> @L

@y

<latexit sha1_base64="9/o1+W3WL/SI5cs+l14Ag/B+nO4=">AAACKHicbVDLSgMxFE3Uaq2vVpduBovgQspM8bUsunFZwT6gHUomzXRCk8mYZMQyzHe41a1f40669UvMtIPY1gOBwzn3ck+OFzGqtG1P4dr6RmFzq7hd2tnd2z8oVw7bSsQSkxYWTMiuhxRhNCQtTTUj3UgSxD1GOt74LvM7z0QqKsJHPYmIy9EopD7FSBvJ7XOkA89PgnRQLw3KVbtmz2CtEicnVZCjOajAQn8ocMxJqDFDSvUcO9JugqSmmJG01I8ViRAeoxHpGRoiTpSbzFKn1qlRhpYvpHmhtmbq340EcaUm3DOTWUq17GXif14v1v6Nm9AwijUJ8fyQHzNLCyurwBpSSbBmE0MQltRktXCAJMLaFLV4hY2EGQj4+S+j+GXhX4nHU1Ocs1zTKmnXa85V7fLhotq4zSssgmNwAs6AA65BA9yDJmgBDJ7AK3gD7/ADfsIvOJ2PrsF85wgsAH7/AEe9prk=</latexit>

h2

<latexit sha1_base64="/5/l5gQl+knlh4uVXUhTby/bX4o="></latexit>

@L

@hM�1
=

✓
@hM

@hM�1

◆> @L

@hM

…

<latexit sha1_base64="orHhcyxRHDvljLkk0FKBhjeogxU="></latexit>

@L

@h2
=

✓
@h3

@h2

◆>
· · ·

✓
@hM

@hM�1

◆> ✓
@y

@hM

◆> @L

@y



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :
We know

General form:

where 

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="s4YaNdIWCOgRzcClXS4/am91r44="></latexit>

@L

@hM
=

✓
@y

@hM

◆> @L

@y

<latexit sha1_base64="9/o1+W3WL/SI5cs+l14Ag/B+nO4=">AAACKHicbVDLSgMxFE3Uaq2vVpduBovgQspM8bUsunFZwT6gHUomzXRCk8mYZMQyzHe41a1f40669UvMtIPY1gOBwzn3ck+OFzGqtG1P4dr6RmFzq7hd2tnd2z8oVw7bSsQSkxYWTMiuhxRhNCQtTTUj3UgSxD1GOt74LvM7z0QqKsJHPYmIy9EopD7FSBvJ7XOkA89PgnRQLw3KVbtmz2CtEicnVZCjOajAQn8ocMxJqDFDSvUcO9JugqSmmJG01I8ViRAeoxHpGRoiTpSbzFKn1qlRhpYvpHmhtmbq340EcaUm3DOTWUq17GXif14v1v6Nm9AwijUJ8fyQHzNLCyurwBpSSbBmE0MQltRktXCAJMLaFLV4hY2EGQj4+S+j+GXhX4nHU1Ocs1zTKmnXa85V7fLhotq4zSssgmNwAs6AA65BA9yDJmgBDJ7AK3gD7/ADfsIvOJ2PrsF85wgsAH7/AEe9prk=</latexit>

h2

<latexit sha1_base64="/5/l5gQl+knlh4uVXUhTby/bX4o="></latexit>

@L

@hM�1
=

✓
@hM

@hM�1

◆> @L

@hM

…

<latexit sha1_base64="8bIbS54wB+Rxy7QS2AVTQKOiUdY="></latexit>

@L

@hi
= J>

i+1 · · ·J>
M

@L

@y

<latexit sha1_base64="ltwqPfHeQl3vuRD4r50vbTBXugw="></latexit>

Ji+1 ⌘ @hi+1

@hi

<latexit sha1_base64="orHhcyxRHDvljLkk0FKBhjeogxU="></latexit>

@L

@h2
=

✓
@h3

@h2

◆>
· · ·

✓
@hM

@hM�1

◆> ✓
@y

@hM

◆> @L

@y

<latexit sha1_base64="nyhlUoAT6QJtJePQ9huVZ7Tp07g="></latexit>

hM+1 ⌘ y



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

What is                         ?

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="I8WCFI238d5D/5rIN+j6TKP0Ajg="></latexit>

J2 ⌘ @h2

@h1



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

What is                         ?

Recall

Denoting

We have

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1

<latexit sha1_base64="1d5gDYVlARJxaDmrA56QoiAk+Ic="></latexit>

@h2

@h1
=

@h2

@z2

@z2
@h1

= diag(�0(z2))W2

<latexit sha1_base64="I8WCFI238d5D/5rIN+j6TKP0Ajg="></latexit>

J2 ⌘ @h2

@h1



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

What is                         ?

Recall

Denoting

We have

The Jacobian of element-wise nonlinearity is a 
diagonal matrix!

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1

<latexit sha1_base64="1d5gDYVlARJxaDmrA56QoiAk+Ic="></latexit>

@h2

@h1
=

@h2

@z2

@z2
@h1

= diag(�0(z2))W2

<latexit sha1_base64="I8WCFI238d5D/5rIN+j6TKP0Ajg="></latexit>

J2 ⌘ @h2

@h1



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Recall

Since the nonlinearity is element-wise, we have

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1

<latexit sha1_base64="Kjz0BJUb5F1zjL9nRM8dGG191mM="></latexit>

@L

@z2
=

✓
@h2

@z2

◆> @L

@h2
= �0(z2)�

@L

@h2



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Recall

Since the nonlinearity is element-wise, we have

Why? 

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1

<latexit sha1_base64="Kjz0BJUb5F1zjL9nRM8dGG191mM="></latexit>

@L

@z2
=

✓
@h2

@z2

◆> @L

@h2
= �0(z2)�

@L

@h2



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Recall

Since the nonlinearity is element-wise, we have

Why? 

Again, the Jacobian of element-wise 
nonlinearity is a diagonal matrix!

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1

<latexit sha1_base64="Kjz0BJUb5F1zjL9nRM8dGG191mM="></latexit>

@L

@z2
=

✓
@h2

@z2

◆> @L

@h2
= �0(z2)�

@L

@h2



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Recall

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1
<latexit sha1_base64="Kjz0BJUb5F1zjL9nRM8dGG191mM="></latexit>

@L

@z2
=

✓
@h2

@z2

◆> @L

@h2
= �0(z2)�

@L

@h2



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Recall

Note

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1
<latexit sha1_base64="Kjz0BJUb5F1zjL9nRM8dGG191mM="></latexit>

@L

@z2
=

✓
@h2

@z2

◆> @L

@h2
= �0(z2)�

@L

@h2
<latexit sha1_base64="HkT7VnvGHiPNG6G14Xm2zAc/Gvg="></latexit>

z2[i] =
X

j

W2[i, j]h1[j]



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Recall

Note

Similarly as before, we have

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1
<latexit sha1_base64="Kjz0BJUb5F1zjL9nRM8dGG191mM="></latexit>

@L

@z2
=

✓
@h2

@z2

◆> @L

@h2
= �0(z2)�

@L

@h2
<latexit sha1_base64="HkT7VnvGHiPNG6G14Xm2zAc/Gvg="></latexit>

z2[i] =
X

j

W2[i, j]h1[j]

<latexit sha1_base64="MX4/fLAZnYLjsL7MU9rijjn/gS8="></latexit>

@L

@W2[i, j]
=

@L

@z2[i]

@z2[i]

@W2[i, j]
=

@L

@z2[i]
h1[j]



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

Loss:

Gradient of loss w.r.t. : 

Gradient of loss w.r.t. :

Recall

Note

Similarly as before, we have

<latexit sha1_base64="Tyv64vPVSUxlcAKk7a3kLilqSNU="></latexit>

L = `(y, ȳ)

<latexit sha1_base64="iIWO0/KL9ROLoWAv+97gVQjUkCM=">AAACJHicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/SlpJJM21okhmSjDgM/Qq3uvVr3IkLN36LmXYQ23rgwuHce7nnHi/kTBvH+YK5ldX82npho7i5tb2zWyrvNXUQKUIbJOCBantYU84kbRhmOG2HimLhcdryxjdpv/VIlWaBvDdxSHsCDyXzGcHGSg9dgc3I81HcL1WcqjMFWiZuRiogQ71fhvnuICCRoNIQjrXuuE5oeglWhhFOJ8VupGmIyRgPacdSiQXVvWTqeIKOrDJAfqBsSYOm6t+NBAutY+HZydShXuyl4n+9TmT8q17CZBgZKsnskB9xZAKUvo8GTFFieGwJJopZr4iMsMLE2JDmr/BhYAdG4uSXMfI091fiiYkNzl2MaZk0T6vuRfX87qxSu84iLIADcAiOgQsuQQ3cgjpoAAIEeAYv4BW+wXf4AT9nozmY7eyDOcDvH0DupS8=</latexit>y
<latexit sha1_base64="P8cUkaxAARvMQvELPdMrRUGJQYI="></latexit>

@L

@y

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)
<latexit sha1_base64="kcVTzHlKw/tewJ8VUl63U1uPPnw="></latexit>

z2 = W2h1
<latexit sha1_base64="Kjz0BJUb5F1zjL9nRM8dGG191mM="></latexit>

@L

@z2
=

✓
@h2

@z2

◆> @L

@h2
= �0(z2)�

@L

@h2
<latexit sha1_base64="HkT7VnvGHiPNG6G14Xm2zAc/Gvg="></latexit>

z2[i] =
X

j

W2[i, j]h1[j]

<latexit sha1_base64="nv+BmGMQZWZMBnAsHaXyGTb2JpM="></latexit>

@L

@W2
=

✓
�0(z2)�

@L

@h2

◆
h>
1

<latexit sha1_base64="MX4/fLAZnYLjsL7MU9rijjn/gS8="></latexit>

@L

@W2[i, j]
=

@L

@z2[i]

@z2[i]

@W2[i, j]
=

@L

@z2[i]
h1[j]



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

In summary:

<latexit sha1_base64="8bIbS54wB+Rxy7QS2AVTQKOiUdY="></latexit>

@L

@hi
= J>

i+1 · · ·J>
M

@L

@y

<latexit sha1_base64="1ZW4ZqSZJ12yGdv64wKP0VJtW3I="></latexit>

@L

@Wi
=

✓
�0(zi)�

@L

@hi

◆
h>
i�1

<latexit sha1_base64="P1eGRDaiPDOgWfAGNad1ZLRGG7k="></latexit>

zi = Wihi�1

<latexit sha1_base64="/MHIWHxJ5MQstdG+yMUrgkedgr4="></latexit>

Ji = diag(�0(zi))Wi



Backpropagation

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y

During the backward pass:

<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

In summary:

<latexit sha1_base64="8bIbS54wB+Rxy7QS2AVTQKOiUdY="></latexit>

@L

@hi
= J>

i+1 · · ·J>
M

@L

@y

<latexit sha1_base64="1ZW4ZqSZJ12yGdv64wKP0VJtW3I="></latexit>

@L

@Wi
=

✓
�0(zi)�

@L

@hi

◆
h>
i�1

<latexit sha1_base64="P1eGRDaiPDOgWfAGNad1ZLRGG7k="></latexit>

zi = Wihi�1

<latexit sha1_base64="/MHIWHxJ5MQstdG+yMUrgkedgr4="></latexit>

Ji = diag(�0(zi))Wi

We can cache these tensors in the 
forward pass to avoid duplicated 
computation in the backward pass!



Forward vs. Backward 

Computation in Forward Pass:
<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1



Forward vs. Backward 

Computation in Forward Pass:
<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

Computation in Backward Pass:

<latexit sha1_base64="rCEGGBGBjud9CQZJwt0N3zoaIH0="></latexit>

@L

@h1
= J>

2
@L

@h2

<latexit sha1_base64="zCOBPTikMbGTGENWrA53DZuJp1c="></latexit>

@L

@W2
=

✓
�0(z2)�

@L

@h2

◆
h>
1

<latexit sha1_base64="BKhMBX6i3doUVk2+Dnl7gLiHUSw="></latexit>

z2 = W2h1 (cached)

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1



Forward vs. Backward 

Computation in Forward Pass:
<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

Computation in Backward Pass:

<latexit sha1_base64="rCEGGBGBjud9CQZJwt0N3zoaIH0="></latexit>

@L

@h1
= J>

2
@L

@h2

<latexit sha1_base64="zCOBPTikMbGTGENWrA53DZuJp1c="></latexit>

@L

@W2
=

✓
�0(z2)�

@L

@h2

◆
h>
1

<latexit sha1_base64="BKhMBX6i3doUVk2+Dnl7gLiHUSw="></latexit>

z2 = W2h1

Backward pass is roughly twice as 
computationally expensive as Forward pass!

(cached)

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1



Outline

• Learning Algorithm for Feedforward Neural Networks: 
• Backpropagation
• Weight Initialization
• Learning Rate & Momentum & Adam
• Weight Decay & Early Stopping



Initialization
How should we initialize the neural network?

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1



Initialization
How should we initialize the neural network?

A lot of criterions for good initialization exist, e.g., be close to some local optima, have a higher chance to reach a global optima.

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1



Initialization
How should we initialize the neural network?

A lot of criterions for good initialization exist, e.g., be close to some local optima, have a higher chance to reach a global optima.

But most of them are not easily computable before training the neural networks!

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1



Initialization
How should we initialize the neural network?

A lot of criterions for good initialization exist, e.g., be close to some local optima, have a higher chance to reach a global optima.

But most of them are not easily computable before training the neural networks!

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

One computable criterion is:

We want to start with some stable initial 
neural network!



Initialization
How should we initialize the neural network?

A lot of criterions for good initialization exist, e.g., be close to some local optima, have a higher chance to reach a global optima.

But most of them are not easily computable before training the neural networks!

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

One computable criterion is:

We want to start with some stable initial 
neural network!

There are also many stability notions. Let us 
look at the variance of the activations and 
gradients.



Initialization
Let us recap some basic facts about expectation

Linearity
<latexit sha1_base64="5husmwTrQtmXcpJvAupqHG6T2BU="></latexit>

E[x+ y] = E[x] + E[y]



Initialization
Let us recap some basic facts about expectation

Linearity

For two independent random variables

<latexit sha1_base64="5husmwTrQtmXcpJvAupqHG6T2BU="></latexit>

E[x+ y] = E[x] + E[y]

<latexit sha1_base64="zeZD2Xr3L+ZLha5X5WzPRBL71BI="></latexit>

E[xy] = E[x]E[y]
E[x2y2] = E[x2]E[y2]



Initialization
Let us recap some basic facts about variance

<latexit sha1_base64="Tsz9W57HwMRRH9xQq9hMO8Cn9ZI="></latexit>

V[x] = E
⇥
(x� E[x])2

⇤
= E[x2]� (E[x])2



Initialization
Let us recap some basic facts about variance

For two independent random variables, we have

<latexit sha1_base64="Tsz9W57HwMRRH9xQq9hMO8Cn9ZI="></latexit>

V[x] = E
⇥
(x� E[x])2

⇤
= E[x2]� (E[x])2

<latexit sha1_base64="X+uV2my6CzpbiAIcm1rtSb9fnxg="></latexit>

V[x+ y] = E[(x+ y)2]� E[x+ y]2

= E[x2 + y2 + 2xy]� (E[x] + E[y])2

= E[x2] + E[y2] + 2E[xy]� E[x]2 � E[y]2 � 2E[x]E[y]
= V[x] + V[y] + 2(E[xy]� E[x]E[y])
= V[x] + V[y] + 2Cov(x, y)

= V[x] + V[y]



Initialization
Let us recap some basic facts about variance

For two independent random variables, we have

<latexit sha1_base64="Tsz9W57HwMRRH9xQq9hMO8Cn9ZI="></latexit>

V[x] = E
⇥
(x� E[x])2

⇤
= E[x2]� (E[x])2

<latexit sha1_base64="X+uV2my6CzpbiAIcm1rtSb9fnxg="></latexit>

V[x+ y] = E[(x+ y)2]� E[x+ y]2

= E[x2 + y2 + 2xy]� (E[x] + E[y])2

= E[x2] + E[y2] + 2E[xy]� E[x]2 � E[y]2 � 2E[x]E[y]
= V[x] + V[y] + 2(E[xy]� E[x]E[y])
= V[x] + V[y] + 2Cov(x, y)

= V[x] + V[y]

<latexit sha1_base64="h6ql3f4mf8JRt7+5EA5kkDEJjPI="></latexit>

E[xy] = E[x]E[y]
E[x2y2] = E[x2]E[y2]



Initialization
Let us recap some basic facts about variance

For two independent random variables, we have

<latexit sha1_base64="Tsz9W57HwMRRH9xQq9hMO8Cn9ZI="></latexit>

V[x] = E
⇥
(x� E[x])2

⇤
= E[x2]� (E[x])2

<latexit sha1_base64="X+uV2my6CzpbiAIcm1rtSb9fnxg="></latexit>

V[x+ y] = E[(x+ y)2]� E[x+ y]2

= E[x2 + y2 + 2xy]� (E[x] + E[y])2

= E[x2] + E[y2] + 2E[xy]� E[x]2 � E[y]2 � 2E[x]E[y]
= V[x] + V[y] + 2(E[xy]� E[x]E[y])
= V[x] + V[y] + 2Cov(x, y)

= V[x] + V[y]

<latexit sha1_base64="h6ql3f4mf8JRt7+5EA5kkDEJjPI="></latexit>

E[xy] = E[x]E[y]
E[x2y2] = E[x2]E[y2]



Initialization
Let us recap some basic facts about variance

For two independent random variables, we have

<latexit sha1_base64="Tsz9W57HwMRRH9xQq9hMO8Cn9ZI="></latexit>

V[x] = E
⇥
(x� E[x])2

⇤
= E[x2]� (E[x])2

<latexit sha1_base64="Hz7HhtBD9+c8nWCG/oz65LUTw3g="></latexit>

V[xy] = E[x2y2]� (E[xy])2

= E[x2y2]� E[x]2E[y]2

= E[x2]E[y2]� E[x]2E[y2] + E[x]2E[y2]� E[x]2E[y]2

= (E[x2]� E[x]2)E[y2] + E[x]2(E[y2]� E[y]2)
= V[x]E[y2] + E[x]2V[y]
= V[x](V[y] + E[y]2) + E[x]2V[y]
= V[x]V[y] + E[y]2V[x] + E[x]2V[y]

<latexit sha1_base64="h6ql3f4mf8JRt7+5EA5kkDEJjPI="></latexit>

E[xy] = E[x]E[y]
E[x2y2] = E[x2]E[y2]



Initialization
Let us recap some basic facts about variance

For two independent random variables, we have

If                                    , then 

<latexit sha1_base64="Tsz9W57HwMRRH9xQq9hMO8Cn9ZI="></latexit>

V[x] = E
⇥
(x� E[x])2

⇤
= E[x2]� (E[x])2

<latexit sha1_base64="Hz7HhtBD9+c8nWCG/oz65LUTw3g="></latexit>

V[xy] = E[x2y2]� (E[xy])2

= E[x2y2]� E[x]2E[y]2

= E[x2]E[y2]� E[x]2E[y2] + E[x]2E[y2]� E[x]2E[y]2

= (E[x2]� E[x]2)E[y2] + E[x]2(E[y2]� E[y]2)
= V[x]E[y2] + E[x]2V[y]
= V[x](V[y] + E[y]2) + E[x]2V[y]
= V[x]V[y] + E[y]2V[x] + E[x]2V[y]

<latexit sha1_base64="w9jMjv0vytdErloERkv6cXeJtxQ=">AAACPnicbVBNS8NAEN1Uq7V+tXr0sloED1IS8esiFEXwWMF+QBrKZrtpl+4mYXcjDaFnf41Xvfo3/APexKtHN20Q2/pg4M2bGWbmuSGjUpnmu5FbWs6vrBbWiusbm1vbpfJOUwaRwKSBAxaItoskYdQnDUUVI+1QEMRdRlru8Cattx6JkDTwH1QcEoejvk89ipHSUre03+FIDVw3uR3bIwdewT95nOZmt1Qxq+YEcJFYGamADPVu2ch3egGOOPEVZkhK2zJD5SRIKIoZGRc7kSQhwkPUJ7amPuJEOsnklzE81EoPeoHQ4Ss4Uf9OJIhLGXNXd6aXyvlaKv5XsyPlXToJ9cNIER9PF3kRgyqAqTGwRwXBisWaICyovhXiARIIK23f7BbWD3TDgB//MopHM38lLh9r46x5mxZJ86RqnVfP7k8rtevMwgLYAwfgCFjgAtTAHaiDBsDgCTyDF/BqvBkfxqfxNW3NGdnMLpiB8f0DDVqugg==</latexit>

E[x] = E[y] = 0
<latexit sha1_base64="Z78SfgbyPCGih993pBm4ta7mmGc=">AAACSnicbVDLSsNAFJ3UVmt9tbp0M1gEF1oS8bURim5cVrAPSEOZTKft0JkkzEykIeQr/Bq3uvUH/A134sZJG6QPDwycOede7r3HDRiVyjQ/jdxavrC+UdwsbW3v7O6VK/st6YcCkyb2mS86LpKEUY80FVWMdAJBEHcZabvj+9RvPxMhqe89qSggDkdDjw4oRkpLvfJZlyM1ct24ldiTyIG3cF5w5n+RU+qVq2bNnAKuEisjVZCh0asYhW7fxyEnnsIMSWlbZqCcGAlFMSNJqRtKEiA8RkNia+ohTqQTT+9K4LFW+nDgC/08BafqfEeMuJQRd3VluqZc9lLxP88O1eDGiakXhIp4eDZoEDKofJiGBPtUEKxYpAnCgupdIR4hgbDSUS5OYUNfF4z46R+jeLJwV+zyRAdnLce0SlrnNeuqdvl4Ua3fZREWwSE4AifAAtegDh5AAzQBBi/gFbyBd+PD+DK+jZ9Zac7Ieg7AAnL5X8FZs1s=</latexit>

V[xy] = V[x]V[y]

<latexit sha1_base64="h6ql3f4mf8JRt7+5EA5kkDEJjPI="></latexit>

E[xy] = E[x]E[y]
E[x2y2] = E[x2]E[y2]



Initialization
Let us recap some basic facts about variance

In summary, for two independent random variables, we have

If                                    , then 

<latexit sha1_base64="Tsz9W57HwMRRH9xQq9hMO8Cn9ZI="></latexit>

V[x] = E
⇥
(x� E[x])2

⇤
= E[x2]� (E[x])2

<latexit sha1_base64="w9jMjv0vytdErloERkv6cXeJtxQ=">AAACPnicbVBNS8NAEN1Uq7V+tXr0sloED1IS8esiFEXwWMF+QBrKZrtpl+4mYXcjDaFnf41Xvfo3/APexKtHN20Q2/pg4M2bGWbmuSGjUpnmu5FbWs6vrBbWiusbm1vbpfJOUwaRwKSBAxaItoskYdQnDUUVI+1QEMRdRlru8Cattx6JkDTwH1QcEoejvk89ipHSUre03+FIDVw3uR3bIwdewT95nOZmt1Qxq+YEcJFYGamADPVu2ch3egGOOPEVZkhK2zJD5SRIKIoZGRc7kSQhwkPUJ7amPuJEOsnklzE81EoPeoHQ4Ss4Uf9OJIhLGXNXd6aXyvlaKv5XsyPlXToJ9cNIER9PF3kRgyqAqTGwRwXBisWaICyovhXiARIIK23f7BbWD3TDgB//MopHM38lLh9r46x5mxZJ86RqnVfP7k8rtevMwgLYAwfgCFjgAtTAHaiDBsDgCTyDF/BqvBkfxqfxNW3NGdnMLpiB8f0DDVqugg==</latexit>

E[x] = E[y] = 0
<latexit sha1_base64="Z78SfgbyPCGih993pBm4ta7mmGc=">AAACSnicbVDLSsNAFJ3UVmt9tbp0M1gEF1oS8bURim5cVrAPSEOZTKft0JkkzEykIeQr/Bq3uvUH/A134sZJG6QPDwycOede7r3HDRiVyjQ/jdxavrC+UdwsbW3v7O6VK/st6YcCkyb2mS86LpKEUY80FVWMdAJBEHcZabvj+9RvPxMhqe89qSggDkdDjw4oRkpLvfJZlyM1ct24ldiTyIG3cF5w5n+RU+qVq2bNnAKuEisjVZCh0asYhW7fxyEnnsIMSWlbZqCcGAlFMSNJqRtKEiA8RkNia+ohTqQTT+9K4LFW+nDgC/08BafqfEeMuJQRd3VluqZc9lLxP88O1eDGiakXhIp4eDZoEDKofJiGBPtUEKxYpAnCgupdIR4hgbDSUS5OYUNfF4z46R+jeLJwV+zyRAdnLce0SlrnNeuqdvl4Ua3fZREWwSE4AifAAtegDh5AAzQBBi/gFbyBd+PD+DK+jZ9Zac7Ieg7AAnL5X8FZs1s=</latexit>

V[xy] = V[x]V[y]

<latexit sha1_base64="I4eX7/XeHxMlE4s8RrUk08Ng7+c="></latexit>

V[x+ y] = V[x] + V[y]
V[xy] = V[x]V[y] + E[y]2V[x] + E[x]2V[y]



Initialization: Forward Analysis
Recall

If we assume Tanh activation                                     and we are in the linear regime 

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x



Initialization: Forward Analysis
Recall

If we assume Tanh activation                                     and we are in the linear regime 

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x



Initialization: Forward Analysis
Recall

If we assume Tanh activation                                     and we are in the linear regime 

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x Then we have
<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1



Initialization: Forward Analysis
Recall

If we assume Tanh activation                                     and we are in the linear regime 

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

Then we have

We further assume i.i.d. and zero mean 
with same variance for all activations       
and all weights               at all layers, then

<latexit sha1_base64="iAxjgTDD0KKpqA5E3Tomx/uiR5I=">AAACLHicbVDLSgMxFM2o1VofbXXpJlgEF1JmxNey6MZlBfuAdhgyaaYTm2SGJCOWoV/iVrd+jRsRt36HmXYQ23ogcDjnXu7J8WNGlbbtD2tlda2wvlHcLG1t7+yWK9W9tooSiUkLRyySXR8pwqggLU01I91YEsR9Rjr+6CbzO49EKhqJez2OicvRUNCAYqSN5FXKfY506Acw9Jzegwu9Ss2u21PAZeLkpAZyNL2qVegPIpxwIjRmSKmeY8faTZHUFDMyKfUTRWKER2hIeoYKxIly02nyCTwyygAGkTRPaDhV/26kiCs15r6ZzHKqRS8T//N6iQ6u3JSKONFE4NmhIGFQRzCrAQ6oJFizsSEIS2qyQhwiibA2Zc1fYcPIDIT85JdR/DT3r9TnE1Ocs1jTMmmf1p2L+vndWa1xnVdYBAfgEBwDB1yCBrgFTdACGCTgGbyAV+vNerc+ra/Z6IqV7+yDOVjfP7rWp10=</latexit>

h1[j]
<latexit sha1_base64="WideUxYzT174316yaj/FoNYBwd8=">AAACI3icbVDLTgJBEJxBUcQX6NHLRmLigZBd4utI9OIRE3kksCGzwyyMzGMzM2skG37Cq179Gm/Giwf/xQE2RsBKOqlUdae7K4gY1cZ1v2BmbT27sZnbym/v7O7tF4oHTS1jhUkDSyZVO0CaMCpIw1DDSDtSBPGAkVYwupn6rUeiNJXi3owj4nM0EDSkGBkrtVu9aoeWH/xeoeRW3BmcVeKlpARS1HtFmO32JY45EQYzpHXHcyPjJ0gZihmZ5LuxJhHCIzQgHUsF4kT7yezgiXNilb4TSmVLGGem/p1IENd6zAPbyZEZ6mVvKv7ndWITXvkJFVFsiMDzRWHMHCOd6fdOnyqCDRtbgrCi9lYHD5FC2NiMFrewgbQNQ17+ZRQ/LfyVBHxig/OWY1olzWrFu6ic352VatdphDlwBI7BKfDAJaiBW1AHDYABA8/gBbzCN/gOP+DnvDUD05lDsAD4/QO+0aRd</latexit>

W2[i, j]
<latexit sha1_base64="eWb5coSCjCxi3p0Iq3VGP9xUsr4="></latexit>

V [h2[i]] ⇡ V

2

4
N1X

j=1

W2[i, j]h1[j]

3

5

=
N1X

j=1

V [W2[i, j]h1[j]]

=
N1X

j=1

V [W2[i, j]]V [h1[j]]

= N1V [W2[i, j]]V [h1[j]]

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1



Initialization: Forward Analysis
Recall

If we assume Tanh activation                                     and we are in the linear regime 

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x Then we have

We further assume i.i.d. and zero mean 
with same variance for all activations       
and all weights               at all layers, then

<latexit sha1_base64="iAxjgTDD0KKpqA5E3Tomx/uiR5I=">AAACLHicbVDLSgMxFM2o1VofbXXpJlgEF1JmxNey6MZlBfuAdhgyaaYTm2SGJCOWoV/iVrd+jRsRt36HmXYQ23ogcDjnXu7J8WNGlbbtD2tlda2wvlHcLG1t7+yWK9W9tooSiUkLRyySXR8pwqggLU01I91YEsR9Rjr+6CbzO49EKhqJez2OicvRUNCAYqSN5FXKfY506Acw9Jzegwu9Ss2u21PAZeLkpAZyNL2qVegPIpxwIjRmSKmeY8faTZHUFDMyKfUTRWKER2hIeoYKxIly02nyCTwyygAGkTRPaDhV/26kiCs15r6ZzHKqRS8T//N6iQ6u3JSKONFE4NmhIGFQRzCrAQ6oJFizsSEIS2qyQhwiibA2Zc1fYcPIDIT85JdR/DT3r9TnE1Ocs1jTMmmf1p2L+vndWa1xnVdYBAfgEBwDB1yCBrgFTdACGCTgGbyAV+vNerc+ra/Z6IqV7+yDOVjfP7rWp10=</latexit>

h1[j]
<latexit sha1_base64="WideUxYzT174316yaj/FoNYBwd8=">AAACI3icbVDLTgJBEJxBUcQX6NHLRmLigZBd4utI9OIRE3kksCGzwyyMzGMzM2skG37Cq179Gm/Giwf/xQE2RsBKOqlUdae7K4gY1cZ1v2BmbT27sZnbym/v7O7tF4oHTS1jhUkDSyZVO0CaMCpIw1DDSDtSBPGAkVYwupn6rUeiNJXi3owj4nM0EDSkGBkrtVu9aoeWH/xeoeRW3BmcVeKlpARS1HtFmO32JY45EQYzpHXHcyPjJ0gZihmZ5LuxJhHCIzQgHUsF4kT7yezgiXNilb4TSmVLGGem/p1IENd6zAPbyZEZ6mVvKv7ndWITXvkJFVFsiMDzRWHMHCOd6fdOnyqCDRtbgrCi9lYHD5FC2NiMFrewgbQNQ17+ZRQ/LfyVBHxig/OWY1olzWrFu6ic352VatdphDlwBI7BKfDAJaiBW1AHDYABA8/gBbzCN/gOP+DnvDUD05lDsAD4/QO+0aRd</latexit>

W2[i, j]

This relation holds for all layers given the assumptions!

<latexit sha1_base64="eWb5coSCjCxi3p0Iq3VGP9xUsr4="></latexit>

V [h2[i]] ⇡ V

2

4
N1X

j=1

W2[i, j]h1[j]

3

5

=
N1X

j=1

V [W2[i, j]h1[j]]

=
N1X

j=1

V [W2[i, j]]V [h1[j]]

= N1V [W2[i, j]]V [h1[j]]

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1



Initialization: Forward Analysis
Recall

If we assume Tanh activation                                     and we are in the linear regime 

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x Then unroll the recursion, we have

Note i and j here are arbitrary since we 
assume all activations have the same 
variance and all weights have the same 
variance as well!

<latexit sha1_base64="s93Cf0dJNiy/bpuUFwSurXrRk/s="></latexit>

V [hl[i]] ⇡ V [x[j]]
lY

k=1

Nk�1V [Wk[i, j]]

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1



Initialization: Forward Analysis
Recall

If we assume Tanh activation                                     and we are in the linear regime 

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x Then unroll the recursion, we have

Note i and j here are arbitrary since we 
assume all activations have the same 
variance and all weights have the same 
variance as well!

To preserve the variance of activations 
through forward pass, i.e., 

<latexit sha1_base64="s93Cf0dJNiy/bpuUFwSurXrRk/s="></latexit>

V [hl[i]] ⇡ V [x[j]]
lY

k=1

Nk�1V [Wk[i, j]]

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="irDlSa4xa/PMy44pn1iS8MbfCa8="></latexit>

V [hl[i]] ⇡ V [x[j]]



Initialization: Forward Analysis
Recall

If we assume Tanh activation                                     and we are in the linear regime 

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="Z7LrZMcn78oLuYzVFSdAw85a7hE="></latexit>

h2 = � (W2h1)

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x Then unroll the recursion, we have

Note i and j here are arbitrary since we 
assume all activations have the same 
variance and all weights have the same 
variance as well!

To preserve the variance of activations 
through forward pass, i.e., 

we can simply set:
<latexit sha1_base64="ujpzTV44DQ5xHD4bGIntuyABdJQ="></latexit>

V [Wk[i, j]] =
1

Nk�1

<latexit sha1_base64="s93Cf0dJNiy/bpuUFwSurXrRk/s="></latexit>

V [hl[i]] ⇡ V [x[j]]
lY

k=1

Nk�1V [Wk[i, j]]

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="irDlSa4xa/PMy44pn1iS8MbfCa8="></latexit>

V [hl[i]] ⇡ V [x[j]]



Initialization: Backward Analysis
Assuming Tanh activation                                     and we are in the linear regime 

Let us look at the gradient w.r.t. activations

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]



Initialization: Backward Analysis
Assuming Tanh activation                                     and we are in the linear regime 

Let us look at the gradient w.r.t. activations

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="sZKnqOq9+sMnKkh6kFjgGjH6jQw="></latexit>

@L

@h1[j]
=

N2X

i=1

@L

@h2[i]

@h2[i]

@h1[j]
⇡

N2X

i=1

@L

@h2[i]
W2[i, j]



Initialization: Backward Analysis
Assuming Tanh activation                                     and we are in the linear regime 

Let us look at the gradient w.r.t. activations

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="sZKnqOq9+sMnKkh6kFjgGjH6jQw="></latexit>

@L

@h1[j]
=

N2X

i=1

@L

@h2[i]

@h2[i]

@h1[j]
⇡

N2X

i=1

@L

@h2[i]
W2[i, j]

Let us again assume i.i.d. and zero mean with 

same variance for all            ,              , and
at all layers, then

<latexit sha1_base64="YrlJiwojIALisyU1wY4QqqR+cu8="></latexit>

@L

@h2[i]

<latexit sha1_base64="KW89uWt4JwSTTNMvnzgqqYQ/6eo=">AAACJXicbVDLSgMxFE3Uaq2vVpdugkVwUcpM8bUsunFZwT6wHUomzbSxSWZIMmIZ+hdudevXuBPBlb9i2g5iWw9cOJxzL/fe40ecaeM4X3BldS2zvpHdzG1t7+zu5Qv7DR3GitA6CXmoWj7WlDNJ64YZTluRolj4nDb94fXEbz5SpVko78woop7AfckCRrCx0n2zW2mz0oOHct180Sk7U6Bl4qakCFLUugWY6fRCEgsqDeFY67brRMZLsDKMcDrOdWJNI0yGuE/blkosqPaS6cljdGyVHgpCZUsaNFX/TiRYaD0Svu0U2Az0ojcR//PasQkuvYTJKDZUktmiIObIhGjyP+oxRYnhI0swUczeisgAK0yMTWl+C++HtmEgSr+Mkae5vxJfjG1w7mJMy6RRKbvn5bPb02L1Ko0wCw7BETgBLrgAVXADaqAOCJDgGbyAV/gG3+EH/Jy1rsB05gDMAX7/AFa8pJs=</latexit>

W2[i, j]
<latexit sha1_base64="j4KEzHGElNDisMpTEWQfubZJWQw=">AAACLHicbVDLSgMxFM2o1VofbXXpJlgEF1Jmiq9l0Y3LCvYB7TBk0kwnNMkMSUYsQ7/ErW79Gjcibv0OM+0gtvVA4HDOvdyT48eMKm3bH9ba+kZhc6u4XdrZ3dsvV6oHHRUlEpM2jlgkez5ShFFB2ppqRnqxJIj7jHT98W3mdx+JVDQSD3oSE5ejkaABxUgbyauUBxzp0A9g6DX61IVepWbX7RngKnFyUgM5Wl7VKgyGEU44ERozpFTfsWPtpkhqihmZlgaJIjHCYzQifUMF4kS56Sz5FJ4YZQiDSJonNJypfzdSxJWacN9MZjnVspeJ/3n9RAfXbkpFnGgi8PxQkDCoI5jVAIdUEqzZxBCEJTVZIQ6RRFibshavsFFkBkJ+9ssoflr4V+rzqSnOWa5plXQadeeyfnF/Xmve5BUWwRE4BqfAAVegCe5AC7QBBgl4Bi/g1Xqz3q1P62s+umblO4dgAdb3D7rYp10=</latexit>

h2[i]

<latexit sha1_base64="n06Cros+CODuqIB3kXWUsqtycMU="></latexit>

V


@L

@h1[j]

�
⇡

N2X

i=1

V


@L

@h2[i]

�
V [W2[i, j]]

= N2V


@L

@h2[i]

�
V [W2[i, j]]

= V


@L

@y[i]

�M+1Y

k=2

NkV [Wk[i, j]]



Initialization: Backward Analysis
Assuming Tanh activation                                     and we are in the linear regime 

Let us look at the gradient w.r.t. activations

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="sZKnqOq9+sMnKkh6kFjgGjH6jQw="></latexit>

@L

@h1[j]
=

N2X

i=1

@L

@h2[i]

@h2[i]

@h1[j]
⇡

N2X

i=1

@L

@h2[i]
W2[i, j]

Let us again assume i.i.d. and zero mean with 

same variance for all            ,              , and
at all layers, then

Setting                                     preserves the 

variance of gradients w.r.t. activations!

<latexit sha1_base64="YrlJiwojIALisyU1wY4QqqR+cu8="></latexit>

@L

@h2[i]

<latexit sha1_base64="KW89uWt4JwSTTNMvnzgqqYQ/6eo=">AAACJXicbVDLSgMxFE3Uaq2vVpdugkVwUcpM8bUsunFZwT6wHUomzbSxSWZIMmIZ+hdudevXuBPBlb9i2g5iWw9cOJxzL/fe40ecaeM4X3BldS2zvpHdzG1t7+zu5Qv7DR3GitA6CXmoWj7WlDNJ64YZTluRolj4nDb94fXEbz5SpVko78woop7AfckCRrCx0n2zW2mz0oOHct180Sk7U6Bl4qakCFLUugWY6fRCEgsqDeFY67brRMZLsDKMcDrOdWJNI0yGuE/blkosqPaS6cljdGyVHgpCZUsaNFX/TiRYaD0Svu0U2Az0ojcR//PasQkuvYTJKDZUktmiIObIhGjyP+oxRYnhI0swUczeisgAK0yMTWl+C++HtmEgSr+Mkae5vxJfjG1w7mJMy6RRKbvn5bPb02L1Ko0wCw7BETgBLrgAVXADaqAOCJDgGbyAV/gG3+EH/Jy1rsB05gDMAX7/AFa8pJs=</latexit>

W2[i, j]
<latexit sha1_base64="j4KEzHGElNDisMpTEWQfubZJWQw=">AAACLHicbVDLSgMxFM2o1VofbXXpJlgEF1Jmiq9l0Y3LCvYB7TBk0kwnNMkMSUYsQ7/ErW79Gjcibv0OM+0gtvVA4HDOvdyT48eMKm3bH9ba+kZhc6u4XdrZ3dsvV6oHHRUlEpM2jlgkez5ShFFB2ppqRnqxJIj7jHT98W3mdx+JVDQSD3oSE5ejkaABxUgbyauUBxzp0A9g6DX61IVepWbX7RngKnFyUgM5Wl7VKgyGEU44ERozpFTfsWPtpkhqihmZlgaJIjHCYzQifUMF4kS56Sz5FJ4YZQiDSJonNJypfzdSxJWacN9MZjnVspeJ/3n9RAfXbkpFnGgi8PxQkDCoI5jVAIdUEqzZxBCEJTVZIQ6RRFibshavsFFkBkJ+9ssoflr4V+rzqSnOWa5plXQadeeyfnF/Xmve5BUWwRE4BqfAAVegCe5AC7QBBgl4Bi/g1Xqz3q1P62s+umblO4dgAdb3D7rYp10=</latexit>

h2[i]

<latexit sha1_base64="n06Cros+CODuqIB3kXWUsqtycMU="></latexit>

V


@L

@h1[j]

�
⇡

N2X

i=1

V


@L

@h2[i]

�
V [W2[i, j]]

= N2V


@L

@h2[i]

�
V [W2[i, j]]

= V


@L

@y[i]

�M+1Y

k=2

NkV [Wk[i, j]]

<latexit sha1_base64="w3LrWHmg/h/wXTouI64InoRYa08="></latexit>

V [Wk[i, j]] =
1

Nk



Initialization: Backward Analysis
Assuming Tanh activation                                     and we are in the linear regime 

Let us look at the gradient w.r.t. activations

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="sZKnqOq9+sMnKkh6kFjgGjH6jQw="></latexit>

@L

@h1[j]
=

N2X

i=1

@L

@h2[i]

@h2[i]

@h1[j]
⇡

N2X

i=1

@L

@h2[i]
W2[i, j]

What about the gradients w.r.t. weights?



Initialization: Backward Analysis
Assuming Tanh activation                                     and we are in the linear regime 

Let us look at the gradient w.r.t. activations

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="ao2R1nCkh8cNt0iigntRybqZ7SI="></latexit>

@L

@W2[i, j]
=

@L

@h2[i]

@h2[i]

@W2[i, j]
⇡ @L

@h2[i]
h1[j]

<latexit sha1_base64="sZKnqOq9+sMnKkh6kFjgGjH6jQw="></latexit>

@L

@h1[j]
=

N2X

i=1

@L

@h2[i]

@h2[i]

@h1[j]
⇡

N2X

i=1

@L

@h2[i]
W2[i, j]

What about the gradients w.r.t. weights?



Initialization: Backward Analysis
Assuming Tanh activation                                     and we are in the linear regime 

Let us look at the gradient w.r.t. activations

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="ao2R1nCkh8cNt0iigntRybqZ7SI="></latexit>

@L

@W2[i, j]
=

@L

@h2[i]

@h2[i]

@W2[i, j]
⇡ @L

@h2[i]
h1[j]

<latexit sha1_base64="sZKnqOq9+sMnKkh6kFjgGjH6jQw="></latexit>

@L

@h1[j]
=

N2X

i=1

@L

@h2[i]

@h2[i]

@h1[j]
⇡

N2X

i=1

@L

@h2[i]
W2[i, j]

What about the gradients w.r.t. weights?

<latexit sha1_base64="Qljyq0of2Ec36tjsQT1mRShN6HY="></latexit>

V


@L

@W2[i, j]

�
⇡ V


@L

@h2[i]

�
V [h1[j]]

=

 
V


@L

@y[i]

�M+1Y

k=3

NkV [Wk[i, j]]

!

 
V [x[j]]

1Y

k=1

Nk�1V [Wk[i, j]]

!

=
N0

N1

 
1Y

k=1

NkV [Wk[i, j]]

! 
M+1Y

k=3

NkV [Wk[i, j]]

!
V


@L

@y[i]

�
V [x[j]]

=
N0

N1
V


@L

@y[i]

�
V [x[j]]



Initialization: Backward Analysis
Assuming Tanh activation                                     and we are in the linear regime 

Let us look at the gradient w.r.t. activations

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="baEggFEY2VC0y+OjEPAHOSgle4A="></latexit>

�(x) =
ex � e�x

ex + e�x

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="PCwnwYz5D7MWGaLam3suvXcfj5s="></latexit>

h2[i] = �(
N1X

j

W2[i, j]h1[j]) ⇡
N1X

j=1

W2[i, j]h1[j]

<latexit sha1_base64="ao2R1nCkh8cNt0iigntRybqZ7SI="></latexit>

@L

@W2[i, j]
=

@L

@h2[i]

@h2[i]

@W2[i, j]
⇡ @L

@h2[i]
h1[j]

<latexit sha1_base64="sZKnqOq9+sMnKkh6kFjgGjH6jQw="></latexit>

@L

@h1[j]
=

N2X

i=1

@L

@h2[i]

@h2[i]

@h1[j]
⇡

N2X

i=1

@L

@h2[i]
W2[i, j]

What about the gradients w.r.t. weights?

Setting                               makes the variance 
of gradients w.r.t. weights behave reasonably 
(e.g., no exploding or vanishing)!

<latexit sha1_base64="Qljyq0of2Ec36tjsQT1mRShN6HY="></latexit>

V


@L

@W2[i, j]

�
⇡ V


@L

@h2[i]

�
V [h1[j]]

=

 
V


@L

@y[i]

�M+1Y

k=3

NkV [Wk[i, j]]

!

 
V [x[j]]

1Y

k=1

Nk�1V [Wk[i, j]]

!

=
N0

N1

 
1Y

k=1

NkV [Wk[i, j]]

! 
M+1Y

k=3

NkV [Wk[i, j]]

!
V


@L

@y[i]

�
V [x[j]]

=
N0

N1
V


@L

@y[i]

�
V [x[j]]

<latexit sha1_base64="w3LrWHmg/h/wXTouI64InoRYa08="></latexit>

V [Wk[i, j]] =
1

Nk



Initialization
In summary, to preserve the variance of activations, we set

to preserve the variance of gradients w.r.t. activations, we set

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="ujpzTV44DQ5xHD4bGIntuyABdJQ="></latexit>

V [Wk[i, j]] =
1

Nk�1

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="w3LrWHmg/h/wXTouI64InoRYa08="></latexit>

V [Wk[i, j]] =
1

Nk



Initialization
In summary, to preserve the variance of activations, we set

to preserve the variance of gradients w.r.t. activations, we set

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="ujpzTV44DQ5xHD4bGIntuyABdJQ="></latexit>

V [Wk[i, j]] =
1

Nk�1

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="w3LrWHmg/h/wXTouI64InoRYa08="></latexit>

V [Wk[i, j]] =
1

Nk

To compromise between two goals, we can take the 
mean of the denominators:

<latexit sha1_base64="KyCpsDAKM72u2HAayDfXwir05c4="></latexit>

V [Wk[i, j]] =
1

Nk+Nk�1

2

=
2

Nk +Nk�1



Initialization
In summary, to preserve the variance of activations, we set

to preserve the variance of gradients w.r.t. activations, we set

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="ujpzTV44DQ5xHD4bGIntuyABdJQ="></latexit>

V [Wk[i, j]] =
1

Nk�1

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="w3LrWHmg/h/wXTouI64InoRYa08="></latexit>

V [Wk[i, j]] =
1

Nk

To compromise between two goals, we can take the 
mean of the denominators:

This is the so-called “Xavier Initialization” [3]!

<latexit sha1_base64="KyCpsDAKM72u2HAayDfXwir05c4="></latexit>

V [Wk[i, j]] =
1

Nk+Nk�1

2

=
2

Nk +Nk�1



Initialization
In summary, to preserve the variance of activations, we set

to preserve the variance of gradients w.r.t. activations, we set

…
…

…
…

…
…

<latexit sha1_base64="/dj1y/KdpyWHZQa/BA7Yd2rhQGM=">AAACJXicbVDLSgNBEJxVozG+Ej16GQyCBwm74usY9OIxgnlgsoTZyWwyZB7LzKwkLPkLr3r1a7yJ4MlfcTZZxCQWNBTV3XR1BRGj2rjul7OyupZb38hvFra2d3b3iqX9hpaxwqSOJZOqFSBNGBWkbqhhpBUpgnjASDMY3qb95hNRmkrxYMYR8TnqCxpSjIyVHjscmUEQJqNJt1h2K+4UcJl4GSmDDLVuycl1ehLHnAiDGdK67bmR8ROkDMWMTAqdWJMI4SHqk7alAnGi/WRqeQKPrdKDoVS2hIFT9e9GgrjWYx7YydSiXuyl4n+9dmzCaz+hIooNEXh2KIwZNBKm/8MeVQQbNrYEYUWtV4gHSCFsbErzV1hf2oEBP/1lFI/m/koCngbnLca0TBpnFe+ycnF/Xq7eZBHmwSE4AifAA1egCu5ADdQBBgI8gxfw6rw5786H8zkbXXGynQMwB+f7B9vJphA=</latexit>x

…
…

…
…

……

……

……

<latexit sha1_base64="V3GOjxKOoaWgWOEwyS3IuUf7/OU=">AAACJ3icbVBPS8MwHE2n0zn/bXr0EhyCBxmt+O849OJxgpuDtYw0S9ewpClJKo7Sr+FVr34ab6JHv4npVsRtPgg83vv9+L08P2ZUadv+skorq+W19cpGdXNre2e3Vt/rKpFITDpYMCF7PlKE0Yh0NNWM9GJJEPcZefDHN7n/8EikoiK615OYeByNIhpQjLSRXJcjHfpBGmYDZ1Br2E17CrhMnII0QIH2oG6V3aHACSeRxgwp1XfsWHspkppiRrKqmygSIzxGI9I3NEKcKC+dhs7gkVGGMBDSvEjDqfp3I0VcqQn3zWQeUi16ufif1090cOWlNIoTTSI8OxQkDGoB8wbgkEqCNZsYgrCkJivEIZIIa9PT/BU2EmYg5Ce/jOKnuX+lPs9Mcc5iTcuke9p0Lprnd2eN1nVRYQUcgENwDBxwCVrgFrRBB2AQg2fwAl6tN+vd+rA+Z6Mlq9jZB3Owvn8ACuimpA==</latexit>

h1
<latexit sha1_base64="J7bhzLlbsC5kKMyraY3/wsMDE8I=">AAACJ3icbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunFZwT6gM5RMmumEJjNDkhHL0N9wq1u/xp3o0j8x0w5iWw8EDufcyz05XsyZ0pb1BQtr68WNzdJWeXtnd2+/Uj3oqCiRhLZJxCPZ87CinIW0rZnmtBdLioXHadcb32Z+95FKxaLwQU9i6go8CpnPCNZGchyBdeD5aTAdNAaVmlW3ZkCrxM5JDeRoDaqw6AwjkggaasKxUn3birWbYqkZ4XRadhJFY0zGeET7hoZYUOWms9BTdGKUIfIjaV6o0Uz9u5FiodREeGYyC6mWvUz8z+sn2r92UxbGiaYhmR/yE450hLIG0JBJSjSfGIKJZCYrIgGWmGjT0+IVPorMQCDOfhkjTwv/Sj0xNcXZyzWtkk6jbl/WL+7Pa82bvMISOALH4BTY4Ao0wR1ogTYgIAbP4AW8wjf4Dj/g53y0APOdQ7AA+P0DDKCmpQ==</latexit>

h2
<latexit sha1_base64="d5T/Fqk+IhRDILOuBjPss5HSNvg=">AAACJ3icbVDLSgMxFM1Uq7W+Wl26CRbBhZQZ8bUsunEjVLAP6Awlk2ba0GQyJBmxDPMbbnXr17gTXfonZtpBbOuBwOGce7knx48YVdq2v6zCympxbb20Ud7c2t7ZrVT32krEEpMWFkzIro8UYTQkLU01I91IEsR9Rjr++CbzO49EKirCBz2JiMfRMKQBxUgbyXU50iM/SEZp/65fqdl1ewq4TJyc1ECOZr9qFd2BwDEnocYMKdVz7Eh7CZKaYkbSshsrEiE8RkPSMzREnCgvmYZO4ZFRBjAQ0rxQw6n6dyNBXKkJ981kFlItepn4n9eLdXDlJTSMYk1CPDsUxAxqAbMG4IBKgjWbGIKwpCYrxCMkEdamp/krbCjMwIif/DKKn+b+lfg8NcU5izUtk/Zp3bmon9+f1RrXeYUlcAAOwTFwwCVogFvQBC2AQQSewQt4td6sd+vD+pyNFqx8Zx/Mwfr+ATsIpsA=</latexit>

hM

<latexit sha1_base64="vMzWq1k2M/Frlgpytx2pyqHx0uk=">AAACJXicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bisYB/YlpJJM21okhmSjDgM/Qu3uvVr3Ingyl8x0w5iWw9cOJx7L/fc44WcaeM4XzC3sppfWy9sFDe3tnd2S+W9pg4iRWiDBDxQbQ9rypmkDcMMp+1QUSw8Tlve+Cbttx6p0iyQ9yYOaU/goWQ+I9hY6aErsBl5fhJP+qWKU3WmQMvEzUgFZKj3yzDfHQQkElQawrHWHdcJTS/ByjDC6aTYjTQNMRnjIe1YKrGgupdMLU/QkVUGyA+ULWnQVP27kWChdSw8O5la1Iu9VPyv14mMf9VLmAwjQyWZHfIjjkyA0v/RgClKDI8twUQx6xWREVaYGJvS/BU+DOzASJz8Mkae5v5KPJEG5y7GtEyap1X3onp+d1apXWcRFsABOATHwAWXoAZuQR00AAESPIMX8Arf4Dv8gJ+z0RzMdvbBHOD3D92CphE=</latexit>y
<latexit sha1_base64="1SI9FuyzUGe3b5fPEXwRCjDrzq4=">AAACHnicbVDLSgNBEJyNRmN8JXr0MhgEDxJ2xdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+O7mV1fzaemGjuLm1vbNbKu81tUwUJg0smVTtAGnCqCANQw0j7VgRxANGWsHwZuK3HonSVIoHM4qJz1EkaEgxMla6b/W8XqniVt0p4DLxMlIBGeq9spPv9iVOOBEGM6R1x3Nj46dIGYoZGRe7iSYxwkMUkY6lAnGi/XR66xgeWaUPQ6lsCQOn6t+JFHGtRzywnRyZgV70JuJ/Xicx4ZWfUhEnhgg8WxQmDBoJJ4/DPlUEGzayBGFF7a0QD5BC2Nh45rewSNqGAT/5ZRQ/zf2VBnxsg/MWY1omzdOqd1E9vzur1K6zCAvgAByCY+CBS1ADt6AOGgCDCDyDF/DqvDnvzofzOWvNOdnMPpiD8/UDCNOicw==</latexit>

W1

<latexit sha1_base64="t474zL6GmfqKWIJTnjctICvnSD8=">AAACHnicbVDLSgNBEJxVozG+Ej16GQyCBwm7wdcx6MVjRPOAZAmzk9nNkHksM7NiWPIJXvXq13gTr/o3TpJFTGJBQ1HVTXdXEDOqjet+Oyura7n1jfxmYWt7Z3evWNpvapkoTBpYMqnaAdKEUUEahhpG2rEiiAeMtILhzcRvPRKlqRQPZhQTn6NI0JBiZKx03+pVe8WyW3GngMvEy0gZZKj3Sk6u25c44UQYzJDWHc+NjZ8iZShmZFzoJprECA9RRDqWCsSJ9tPprWN4bJU+DKWyJQycqn8nUsS1HvHAdnJkBnrRm4j/eZ3EhFd+SkWcGCLwbFGYMGgknDwO+1QRbNjIEoQVtbdCPEAKYWPjmd/CImkbBvz0l1H8NPdXGvCxDc5bjGmZNKsV76JyfndWrl1nEebBITgCJ8ADl6AGbkEdNAAGEXgGL+DVeXPenQ/nc9a64mQzB2AOztcPCouidA==</latexit>

W2

<latexit sha1_base64="RLsymYIdWJzvQrPkPs/yJ8w+9OY=">AAACInicbVBdSwJBFJ2xLLMvrcdeliQICtmNvh6lXnoJDDIFXWR2nNXB+VhmZiNZ/BG91mu/prfoKejHNKtLpHbgwuGce7n3niBiVBvX/YK5peX8ymphrbi+sbm1XSrvPGgZK0waWDKpWgHShFFBGoYaRlqRIogHjDSD4XXqNx+J0lSKezOKiM9RX9CQYmSs1Gx2k9sjb9wtVdyqO4GzSLyMVECGercM852exDEnwmCGtG57bmT8BClDMSPjYifWJEJ4iPqkbalAnGg/mdw7dg6s0nNCqWwJ40zUvxMJ4lqPeGA7OTIDPe+l4n9eOzbhpZ9QEcWGCDxdFMbMMdJJn3d6VBFs2MgShBW1tzp4gBTCxkY0u4X1pW0Y8ONfRvHTzF9JwNPgvPmYFsnDSdU7r57dnVZqV1mEBbAH9sEh8MAFqIEbUAcNgMEQPIMX8Arf4Dv8gJ/T1hzMZnbBDOD3DxwupAs=</latexit>

WM+1

<latexit sha1_base64="ujpzTV44DQ5xHD4bGIntuyABdJQ="></latexit>

V [Wk[i, j]] =
1

Nk�1

<latexit sha1_base64="wdVpvlsKQXKDkhDzzzAQjuabdZk=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddt1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/eComk=</latexit>

N0

<latexit sha1_base64="S1KYgAWPehEbynTaKpNmn4IjNRE=">AAACHnicbVDLSgNBEJyJRmN8JXr0shgEDxJ2xdcx6MWTRDQmkCxhdjK7GTKPZWZWDEs+wate/Rpv4lX/xkmyiEksaCiquunuCmJGtXHdb5hbWs6vrBbWiusbm1vbpfLOg5aJwqSBJZOqFSBNGBWkYahhpBUrgnjASDMYXI395iNRmkpxb4Yx8TmKBA0pRsZKdzddr1uquFV3AmeReBmpgAz1bhnmOz2JE06EwQxp3fbc2PgpUoZiRkbFTqJJjPAARaRtqUCcaD+d3DpyDqzSc0KpbAnjTNS/EyniWg95YDs5Mn09743F/7x2YsILP6UiTgwReLooTJhjpDN+3OlRRbBhQ0sQVtTe6uA+UggbG8/sFhZJ29DnR7+M4qeZv9KAj2xw3nxMi+ThuOqdVU9vTyq1yyzCAtgD++AQeOAc1MA1qIMGwCACz+AFvMI3+A4/4Oe0NQezmV0wA/j1A/k6omo=</latexit>

N1
<latexit sha1_base64="gV64/UNaEdsYPLLthxeh9VbZpp0=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQspM8bUsunElFe0D2qFk0kwbmkyGJCOWoZ/gVrd+jTtxq39j2g5iWw9cOJxzL/fe40ecaeM43zCzsppdW89t5De3tnd2C8W9hpaxIrROJJeq5WNNOQtp3TDDaStSFAuf06Y/vJ74zUeqNJPhgxlF1BO4H7KAEWysdH/brXQLJafsTIGWiZuSEkhR6xZhttOTJBY0NIRjrduuExkvwcowwuk434k1jTAZ4j5tWxpiQbWXTG8doyOr9FAgla3QoKn6dyLBQuuR8G2nwGagF72J+J/Xjk1w6SUsjGJDQzJbFMQcGYkmj6MeU5QYPrIEE8XsrYgMsMLE2Hjmt/C+tA0DcfLLGHma+yvxxdgG5y7GtEwalbJ7Xj67Oy1Vr9IIc+AAHIJj4IILUAU3oAbqgIA+eAYv4BW+wXf4AT9nrRmYzuyDOcCvH/ryoms=</latexit>

N2
<latexit sha1_base64="B5mXK06mmUsyRrd/Yh4w7BjN2VE=">AAACHnicbVDLSgMxFE2q1VpfrS7dBIvgQsqM+FoW3bhRKtoHtEPJpJk2NMkMSUYsQz/BrW79GnfiVv/GtB3Eth64cDjnXu69x48408ZxvmFmaTm7sppby69vbG5tF4o7dR3GitAaCXmomj7WlDNJa4YZTpuRolj4nDb8wdXYbzxSpVkoH8wwop7APckCRrCx0v1t56ZTKDllZwK0SNyUlECKaqcIs+1uSGJBpSEca91ynch4CVaGEU5H+XasaYTJAPdoy1KJBdVeMrl1hA6s0kVBqGxJgybq34kEC62HwredApu+nvfG4n9eKzbBhZcwGcWGSjJdFMQcmRCNH0ddpigxfGgJJorZWxHpY4WJsfHMbuG90Db0xdEvY+Rp5q/EFyMbnDsf0yKpH5fds/Lp3UmpcplGmAN7YB8cAhecgwq4BlVQAwT0wDN4Aa/wDb7DD/g5bc3AdGYXzAB+/QApaaKG</latexit>

NM

<latexit sha1_base64="166MAZofTRjMMJ8931NnNgmGsqg=">AAACInicbVDLSgNBEJyJRmN8JXr0shgEQQm74usY9OJFiWAekCxhdjJJhsxjmZkVw5KP8KpXv8abeBL8GGeTRUxiQUNR1U13VxAyqo3rfsHM0nJ2ZTW3ll/f2NzaLhR36lpGCpMalkyqZoA0YVSQmqGGkWaoCOIBI41geJ34jUeiNJXiwYxC4nPUF7RHMTJWatx14tsjb9wplNyyO4GzSLyUlECKaqcIs+2uxBEnwmCGtG55bmj8GClDMSPjfDvSJER4iPqkZalAnGg/ntw7dg6s0nV6UtkSxpmofydixLUe8cB2cmQGet5LxP+8VmR6l35MRRgZIvB0US9ijpFO8rzTpYpgw0aWIKyovdXBA6QQNjai2S2sL23DgB//MoqfZv6KA54E583HtEjqJ2XvvHx2f1qqXKUR5sAe2AeHwAMXoAJuQBXUAAZD8AxewCt8g+/wA35OWzMwndkFM4DfPwyApAI=</latexit>

NM+1

<latexit sha1_base64="w3LrWHmg/h/wXTouI64InoRYa08="></latexit>

V [Wk[i, j]] =
1

Nk

To compromise between two goals, we can take the 
mean of the denominators:

This is the so-called “Xavier Initialization” [3]!

By considering the effect of ReLU, we can similarly 
derive “Kaiming Initialization” [4]!

<latexit sha1_base64="KyCpsDAKM72u2HAayDfXwir05c4="></latexit>

V [Wk[i, j]] =
1

Nk+Nk�1

2

=
2

Nk +Nk�1
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