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• Linear 

classification 
with default 
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x : ✓>x+ ✓0 < 0

<latexit sha1_base64="0YMAfG0aZuejgZWfZL/Bn2YjhT4=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgZBEMKuBHxgEbSxjGAekF2X2ckkGTL7YOauJCwpbfwVGwtFbP0EO//GSbKFJh64cOace5l7jx8LrsCyvo3cwuLS8kp+tbC2vrG5ZW7v1FWUSMpqNBKRbPpEMcFDVgMOgjVjyUjgC9bw+9djv/HApOJReAfDmLkB6Ya8wykBLXnm/uACO9BjQO4diGI8wMfZ27PwJbY8s2iVrAnwPLEzUkQZqp755bQjmgQsBCqIUi3bisFNiQROBRsVnESxmNA+6bKWpiEJmHLTySEjfKiVNu5EUlcIeKL+nkhJoNQw8HVnQKCnZr2x+J/XSqBz5qY8jBNgIZ1+1EkEhgiPU8FtLhkFMdSEUMn1rpj2iCQUdHYFHYI9e/I8qZ+U7HLp/LZcrFxlceTRHjpAR8hGp6iCblAV1RBFj+gZvaI348l4Md6Nj2lrzshmdtEfGJ8/0DSX7g==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>
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++x : ✓>x+ ✓0 > 0

<latexit sha1_base64="I3pBfK+j9zhveoXGqr+a58FubSc=">AAACCHicbVC7SgNBFJ2Nrxhfq5YWDgZBEMKuBHwUErSxjGAekF2X2ckkGTL7YOauJCwpbfwVGwtFbP0EO//GSbKFJh64cOace5l7jx8LrsCyvo3cwuLS8kp+tbC2vrG5ZW7v1FWUSMpqNBKRbPpEMcFDVgMOgjVjyUjgC9bw+9djv/HApOJReAfDmLkB6Ya8wykBLXnm/uACO9BjQO4diGI8wMfZ27PwJbY8s2iVrAnwPLEzUkQZqp755bQjmgQsBCqIUi3bisFNiQROBRsVnESxmNA+6bKWpiEJmHLTySEjfKiVNu5EUlcIeKL+nkhJoNQw8HVnQKCnZr2x+J/XSqBz5qY8jBNgIZ1+1EkEhgiPU8FtLhkFMdSEUMn1rpj2iCQUdHYFHYI9e/I8qZ+U7HLp/LZcrFxlceTRHjpAR8hGp6iCblAV1RBFj+gZvaI348l4Md6Nj2lrzshmdtEfGJ8/00CX8A==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

z

<latexit sha1_base64="Wud7Tk1lAE0TofbfdXT/CfC5Fa0=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKexKQL0FvXhMwDwgWcLspDcZMzu7zMwKMeQLvHhQxKuf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGtzO/9YhK81jem3GCfkQHkoecUWOl+lOvWHLL7hxklXgZKUGGWq/41e3HLI1QGiao1h3PTYw/ocpwJnBa6KYaE8pGdIAdSyWNUPuT+aFTcmaVPgljZUsaMld/T0xopPU4CmxnRM1QL3sz8T+vk5rwyp9wmaQGJVssClNBTExmX5M+V8iMGFtCmeL2VsKGVFFmbDYFG4K3/PIqaV6UvUr5ul4pVW+yOPJwAqdwDh5cQhXuoAYNYIDwDK/w5jw4L86787FozTnZzDH8gfP5A+0hjQo=</latexit>

<latexit sha1_base64="GiSYCHtMPbeAhyxLbtggtnbVmNI=">AAACBXicbVDLSsNAFJ3UV62vqEtdDBZBEEoiim6EohuXFewDmhgm00k7dPJg5kasoRs3/oobF4q49R/c+TdO2yy09cCFM+fcy9x7/ERwBZb1bRTm5hcWl4rLpZXVtfUNc3OroeJUUlansYhlyyeKCR6xOnAQrJVIRkJfsKbfvxz5zTsmFY+jGxgkzA1JN+IBpwS05Jm7D/gcO9BjQG4diBN8jw/zt2d5ZtmqWGPgWWLnpIxy1Dzzy+nENA1ZBFQQpdq2lYCbEQmcCjYsOaliCaF90mVtTSMSMuVm4yuGeF8rHRzEUlcEeKz+nshIqNQg9HVnSKCnpr2R+J/XTiE4czMeJSmwiE4+ClKBIcajSHCHS0ZBDDQhVHK9K6Y9IgkFHVxJh2BPnzxLGkcV+6RiXR+Xqxd5HEW0g/bQAbLRKaqiK1RDdUTRI3pGr+jNeDJejHfjY9JaMPKZbfQHxucPbzeXQQ==</latexit>

z = ✓>x+ ✓0

• We’re used to using 
step functions to 
classify 

• New idea today: we’ll 
use step functions as 
features, with their 
own parameters

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="bfTgW2E4aYAVpFLPGE9ZGP94vlI=">AAACEXicbVDLSsNAFJ3UV62vqEs3g0WoCCURRVdSdOOygn1AE8NkOmmHTh7M3Igl9Bfc+CtuXCji1p07/8Zpm4W2Hhg4c8693HuPnwiuwLK+jcLC4tLySnG1tLa+sbllbu80VZxKyho0FrFs+0QxwSPWAA6CtRPJSOgL1vIHV2O/dc+k4nF0C8OEuSHpRTzglICWPLPihAT6fpDZo4oDfQbkzoE4wQ/4CE//noUvsHXomWWrak2A54mdkzLKUffML6cb0zRkEVBBlOrYVgJuRiRwKtio5KSKJYQOSI91NI1IyJSbTS4a4QOtdHEQS/0iwBP1d0dGQqWGoa8rx/urWW8s/ud1UgjO3YxHSQosotNBQSowxHgcD+5yySiIoSaESq53xbRPJKGgQyzpEOzZk+dJ87hqn1atm5Ny7TKPo4j20D6qIBudoRq6RnXUQBQ9omf0it6MJ+PFeDc+pqUFI+/ZRX9gfP4A3eebuA==</latexit>

1(✓>x+ ✓0 > 0)
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x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZT gTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="aj7N43AReHKZanu6a2s1RMPZkE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevFYwX5Iu5Rsmm1Dk+ySZMWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aEXj1jfqz6d9ssVt+ZmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOat5Fzb07r9Sv8ziKcATHUAUPLqEOt9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwDjao/O</latexit>

�1(x)

New features: step functions!

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="FjHJCFOvHuhEhvyyPk0k+VMOwdA=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwRjZZEG0tMBIxwIXvLHmzY27vszhkJ4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IJHCoOt+O7mV1bX1jfxmYWt7Z3evuH/QNHGqGW+wWMb6PqCGS6F4AwVKfp9oTqNA8lYwvJ76rUeujYjVHY4S7ke0r0QoGEUrPXSSgehWy0+npFssuRV3BrJMvIyUIEO9W/zq9GKWRlwhk9SYtucm6I+pRsEknxQ6qeEJZUPa521LFY248ceziyfkxCo9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz0x0IlKXLF5ovCVBKMyfR90hOaM5QjSyjTwt5K2IBqytCGVLAheIsvL5NmteKdV9zbs1LtKosjD0dwDGXw4AJqcAN1aAADBc/wCm+OcV6cd+dj3ppzsplD+APn8wc9a4/5</latexit>

�2(x)

<latexit sha1_base64="ktedGgeTzppiADpkqsAMQOj8vjs=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCRAi7ouhFCHrxGME8ILsus5NJMmT2wUyvGJfcvfgrXjwo4tUf8ObfOEn2oIkFDUVVN91dfiy4Asv6NnILi0vLK/nVwtr6xuaWub3TUFEiKavTSESy5RPFBA9ZHTgI1oolI4EvWNMfXI795h2TikfhDQxj5gakF/IupwS05JnFB3yOHegzILcORDF24j4v3x/gw0z1LM8sWRVrAjxP7IyUUIaaZ345nYgmAQuBCqJU27ZicFMigVPBRgUnUSwmdEB6rK1pSAKm3HTyywjva6WDu5HUFQKeqL8nUhIoNQx83RkQ6KtZbyz+57UT6J65KQ/jBFhIp4u6icAQ4XEwuMMloyCGmhAqub4V0z6RhIKOr6BDsGdfnieNo4p9UrGuj0vViyyOPNpDRVRGNjpFVXSFaqiOKHpEz+gVvRlPxovxbnxMW3NGNrOL/sD4/AF6WJlr</latexit>

z = ✓>�(x) + ✓0

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="aj7N43AReHKZanu6a2s1RMPZkE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevFYwX5Iu5Rsmm1Dk+ySZMWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aEXj1jfqz6d9ssVt+ZmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOat5Fzb07r9Sv8ziKcATHUAUPLqEOt9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwDjao/O</latexit>

�1(x)

<latexit sha1_base64="l1uTUqHIyPT8cqOsQ0gjFEJNP24=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARWoQyUxTdCEU3LivYC3SGIZOmbWgmMyRnxFL6DG58FTcuFHHryp1vY3oRtPWHwM93zuHk/GEiuAbH+bIyS8srq2vZ9dzG5tb2jr27V9dxqiir0VjEqhkSzQSXrAYcBGsmipEoFKwR9q/G9cYdU5rH8hYGCfMj0pW8wykBgwK7eIE96DEggYu9pMcDt3BfxMc/sDyFZQMDO++UnInwonFnJo9mqgb2p9eOaRoxCVQQrVuuk4A/JAo4FWyU81LNEkL7pMtaxkoSMe0PJyeN8JEhbdyJlXkS8IT+nhiSSOtBFJrOiEBPz9fG8L9aK4XOuT/kMkmBSTpd1EkFhhiP88FtrhgFMTCGUMXNXzHtEUUomBRzJgR3/uRFUy+X3NOSc3OSr1zO4siiA3SICshFZ6iCrlEV1RBFD+gJvaBX69F6tt6s92lrxprN7KM/sj6+ASizm0M=</latexit>

= ✓1�1(x) + ✓2�2(x)

<latexit sha1_base64="ZpNZPDQKjIqKpcHpvjdYNwGSdJA=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARK0JJiqIboejGZQV7gSaEyWTSDp1MwsxELKGP4MZXceNCEbcu3fk2TtssbOsPAz/fOYcz5/cTRqWyrB+jsLS8srpWXC9tbG5t75i7ey0ZpwKTJo5ZLDo+koRRTpqKKkY6iSAo8hlp+4Obcb39QISkMb9Xw4S4EepxGlKMlEaeeXwFbejgIFbQSfrUsyuPJ/B0ltU088yyVbUmgovGzk0Z5Gp45rcTxDiNCFeYISm7tpUoN0NCUczIqOSkkiQID1CPdLXlKCLSzSYHjeCRJgEMY6EfV3BC/05kKJJyGPm6M0KqL+drY/hfrZuq8NLNKE9SRTieLgpTBlUMx+nAgAqCFRtqg7Cg+q8Q95FAWOkMSzoEe/7kRdOqVe3zqnV3Vq5f53EUwQE4BBVggwtQB7egAZoAgyfwAt7Au/FsvBofxue0tWDkM/tgRsbXL6iNmdg=</latexit>

= 1 · �1(x) + 1 · �2(x)

<latexit sha1_base64="jS9JgzDjTqe+wa75JcQXRSE+7lo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6pONAg==</latexit>z

<latexit sha1_base64="AdQauEap7QPMkG3oXsh3dZwK09w=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiCUBJRdCMU3bisYB/QxDCZTtqhk0yYmVhLyB+48VfcuFDErVt3/o2TNgttPTDD4Zx7ufceP2ZUKsv6NubmFxaXlksr5dW19Y1Nc2u7KXkiMGlgzrho+0gSRiPSUFQx0o4FQaHPSMsfXOV+654ISXl0q0YxcUPUi2hAMVJa8syDC+iESPX9ILUzJ4XDO0fxGD7AIzj0LOj0CNR/5pkVq2 qNAWeJXZAKKFD3zC+ny3ESkkhhhqTs2Fas3BQJRTEjWdlJJIkRHqAe6WgaoZBINx3fk8F9rXRhwIV+kYJj9XdHikIpR6GvK/Pd5bSXi/95nUQF525KozhRJMKTQUHCoOIwDwd2qSBYsZEmCAuqd4W4jwTCSkdY1iHY0yfPkuZx1T6tWjcnldplEUcJ7II9cAhscAZq4BrUQQNg8AiewSt4M56MF+Pd+JiUzhlFzw74A+PzB8gqmpQ=</latexit>

= 1{w>x+ w0 � 0}

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="gCSosLIvxm2i6vHL9PCmfr/c2Ls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuqeix6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrF+tfx03i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhFd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteJdVNy7Wql+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QPk8Y/P</latexit>

�2(x)<latexit sha1_base64="0PIQkckZBqqIK3c8OYMbFUe6G6k=">AAACH3icbVDLSgMxFM34rPU16tJNsAiCUGbE10YounGpYLXQqUMmc6cGMw+SO2oZ5k/c+CtuXCgi7vwb01pQqwcSDufcS3JOkEmh0XE+rLHxicmp6cpMdXZufmHRXlo+12muODR5KlPVCpgGKRJookAJrUwBiwMJF8H1Ud+/uAGlRZqcYS+DTsy6iYgEZ2gk3949oF7M8CqICrf0CuqhkCEUt+Wlh2lG7+jmt+Q71OsCNXfp2zWn7gxA/xJ3SGpkiBPffvfClOcxJMgl07rtOhl2CqZQcAll1cs1ZIxfsy60DU1YDLpTDPKVdN0oIY1SZU6CdKD+3ChYrHUvDsxkP4se9frif147x2i/U4gkyxES/vVQlEuKKe2XRUOhgKPsGcK4EuavlF8xxTiaSqumBHc08l9yvlV3d+rO6XatcTiso0JWyRrZIC7ZIw1yTE5Ik3ByTx7JM3mxHqwn69V6+xods4Y7K+QXrI9Phb6iAA==</latexit>

= 1{w̃>x+ w̃0 � 0}

<latexit sha1_base64="+JDv8bbVDWLUSVDOz5HjtrOMFjk=">AAAB9HicbVBNS8NAEN34WetX1aOXxSIIQklE0WPRi8cK9gPaUDbbSbt0s4m7k0IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/nZXVtfWNzcJWcXtnd2+/dHDYMHGqOdR5LGPdCpgBKRTUUaCEVqKBRYGEZjC8m/rNEWgjYvWI4wT8iPWVCAVnaCU/m9Bz2sEBIOu63VLZrbgz0GXi5aRMctS6pa9OL+ZpBAq5ZMa0PTdBP2MaBZcwKXZSAwnjQ9aHtqWKRWD8bHb0hJ5apUfDWNtSSGfq74mMRcaMo8B2RgwHZtGbiv957RTDGz8TKkkRFJ8vClNJMabTBGhPaOAox5YwroW9lfIB04yjzaloQ/AWX14mjYuKd1VxHy7L1ds8jgI5JifkjHjkmlTJPamROuHkiTyTV/LmjJwX5935mLeuOPnMEfkD5/MHryKRZA==</latexit>

+ ✓0

<latexit sha1_base64="+rAUI9cUB6GyPMaXGLz6Az35Xb8=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQEcuuWPRY9OKxgv2A7VKyabYNzSZLMiuUpT/DiwdFvPprvPlvTNs9aPXBwOO9GWbmhYngBlz3yymsrK6tbxQ3S1vbO7t75f2DtlGppqxFlVC6GxLDBJesBRwE6yaakTgUrBOOb2d+55Fpw5V8gEnCgpgMJY84JWAlP5viM1w9d2v103654tbcOfBf4uWkgnI0++XP3kDRNGYSqCDG+J6bQJARDZwKNi31UsMSQsdkyHxLJYmZCbL5yVN8YpUBjpS2JQHP1Z8TGYmNmcSh7YwJjMyyNxP/8/wUousg4zJJgUm6WBSlAoPCs//xgGtGQUwsIVRzeyumI6IJBZtSyYbgLb/8l7Qval695t5fVho3eRxFdISOURV56Ao10B1qohaiSKEn9IJeHXCenTfnfdFacPKZQ/QLzsc3acWPYA==</latexit>

+ (�0.5)
<latexit sha1_base64="0ITxWG8UJVCEg64n9URvrTN7O7o=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAhEhDAriiIegl48RjAPyMZldjKbDJl9MNMrCSFf4MVf8eJBEa+evfk3TpI9aGJBQ1HVTXeXF0uhgZBva2FxaXllNbOWXd/Y3NrO7ezWdJQoxqsskpFqeFRzKUJeBQGSN2LFaeBJXvd612O//sCVFlF4B4OYtwLaCYUvGAUjublC/wI70OVA7x2IYuzEXVHsH+KjVHUJvsTEzeVJiUyA54mdkjxKUXFzX047YknAQ2CSat20SQytIVUgmOSjrJNoHlPWox3eNDSkAdet4eSdES4YpY39SJkKAU/U3xNDGmg9CDzTGVDo6llvLP7nNRPwz1tDEcYJ8JBNF/mJxBDhcTa4LRRnIAeGUKaEuRWzLlWUgUkwa0KwZ1+eJ7Xjkn1aIrcn+fJVGkcG7aMDVEQ2OkNldIMqqIoYekTP6BW9WU/Wi/VufUxbF6x0Zg/9gfX5A9/FmhA=</latexit>

x
: ✓
> �(

x)
+
✓ 0
<
0

<latexit sha1_base64="tBXiCGBR4hVCSozEuI9ZmNrjZbU=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAhEhDAriuJBgl48RjAPyMZldjKbDJl9MNMrCSFf4MVf8eJBEa+evfk3TpI9aGJBQ1HVTXeXF0uhgZBva2FxaXllNbOWXd/Y3NrO7ezWdJQoxqsskpFqeFRzKUJeBQGSN2LFaeBJXvd612O//sCVFlF4B4OYtwLaCYUvGAUjublC/wI70OVA7x2IYuzEXVHsH+KjVHUJvsTEzeVJiUyA54mdkjxKUXFzX047YknAQ2CSat20SQytIVUgmOSjrJNoHlPWox3eNDSkAdet4eSdES4YpY39SJkKAU/U3xNDGmg9CDzTGVDo6llvLP7nNRPwz1tDEcYJ8JBNF/mJxBDhcTa4LRRnIAeGUKaEuRWzLlWUgUkwa0KwZ1+eJ7Xjkn1aIrcn+fJVGkcG7aMDVEQ2OkNldIMqqIoYekTP6BW9WU/Wi/VufUxbF6x0Zg/9gfX5A+LRmhI=</latexit>

x
: ✓
> �(

x)
+
✓ 0
>
0
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x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZT gTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="aj7N43AReHKZanu6a2s1RMPZkE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevFYwX5Iu5Rsmm1Dk+ySZMWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aEXj1jfqz6d9ssVt+ZmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOat5Fzb07r9Sv8ziKcATHUAUPLqEOt9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwDjao/O</latexit>

�1(x)

New features: step functions!

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="FjHJCFOvHuhEhvyyPk0k+VMOwdA=">AAAB8XicbVA9TwJBEJ3DL8Qv1NJmIzHBhtwRjZZEG0tMBIxwIXvLHmzY27vszhkJ4V/YWGiMrf/Gzn/jAlco+JJJXt6bycy8IJHCoOt+O7mV1bX1jfxmYWt7Z3evuH/QNHGqGW+wWMb6PqCGS6F4AwVKfp9oTqNA8lYwvJ76rUeujYjVHY4S7ke0r0QoGEUrPXSSgehWy0+npFssuRV3BrJMvIyUIEO9W/zq9GKWRlwhk9SYtucm6I+pRsEknxQ6qeEJZUPa521LFY248ceziyfkxCo9EsbalkIyU39PjGlkzCgKbGdEcWAWvan4n9dOMbz0x0IlKXLF5ovCVBKMyfR90hOaM5QjSyjTwt5K2IBqytCGVLAheIsvL5NmteKdV9zbs1LtKosjD0dwDGXw4AJqcAN1aAADBc/wCm+OcV6cd+dj3ppzsplD+APn8wc9a4/5</latexit>

�2(x)

<latexit sha1_base64="ktedGgeTzppiADpkqsAMQOj8vjs=">AAACC3icbVDLSgNBEJyNrxhfqx69DAlCRAi7ouhFCHrxGME8ILsus5NJMmT2wUyvGJfcvfgrXjwo4tUf8ObfOEn2oIkFDUVVN91dfiy4Asv6NnILi0vLK/nVwtr6xuaWub3TUFEiKavTSESy5RPFBA9ZHTgI1oolI4EvWNMfXI795h2TikfhDQxj5gakF/IupwS05JnFB3yOHegzILcORDF24j4v3x/gw0z1LM8sWRVrAjxP7IyUUIaaZ345nYgmAQuBCqJU27ZicFMigVPBRgUnUSwmdEB6rK1pSAKm3HTyywjva6WDu5HUFQKeqL8nUhIoNQx83RkQ6KtZbyz+57UT6J65KQ/jBFhIp4u6icAQ4XEwuMMloyCGmhAqub4V0z6RhIKOr6BDsGdfnieNo4p9UrGuj0vViyyOPNpDRVRGNjpFVXSFaqiOKHpEz+gVvRlPxovxbnxMW3NGNrOL/sD4/AF6WJlr</latexit>

z = ✓>�(x) + ✓0

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="aj7N43AReHKZanu6a2s1RMPZkE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevFYwX5Iu5Rsmm1Dk+ySZMWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aEXj1jfqz6d9ssVt+ZmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOat5Fzb07r9Sv8ziKcATHUAUPLqEOt9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwDjao/O</latexit>

�1(x)
<latexit sha1_base64="VR6ZFQKvDDsR3Jd0cdE8rmIj8TI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquVfRY9OKxgv2QdinZNNuGJtklyYpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqtx6p0iyS92YcU1/ggWQhI9hY6aEbD1mvWn467RVLbsWdAS0TLyMlyFDvFb+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28ASdWKWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwis/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtgQvMWXl0nzrOJdVNy781LtOosjD0dwDGXw4BJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wfmeI/Q</latexit>

�3(x)

precipitation

te
m

pe
ra

tu
re<latexit sha1_base64="l1uTUqHIyPT8cqOsQ0gjFEJNP24=">AAACEnicbZDLSgMxFIYz9VbrbdSlm2ARWoQyUxTdCEU3LivYC3SGIZOmbWgmMyRnxFL6DG58FTcuFHHryp1vY3oRtPWHwM93zuHk/GEiuAbH+bIyS8srq2vZ9dzG5tb2jr27V9dxqiir0VjEqhkSzQSXrAYcBGsmipEoFKwR9q/G9cYdU5rH8hYGCfMj0pW8wykBgwK7eIE96DEggYu9pMcDt3BfxMc/sDyFZQMDO++UnInwonFnJo9mqgb2p9eOaRoxCVQQrVuuk4A/JAo4FWyU81LNEkL7pMtaxkoSMe0PJyeN8JEhbdyJlXkS8IT+nhiSSOtBFJrOiEBPz9fG8L9aK4XOuT/kMkmBSTpd1EkFhhiP88FtrhgFMTCGUMXNXzHtEUUomBRzJgR3/uRFUy+X3NOSc3OSr1zO4siiA3SICshFZ6iCrlEV1RBFD+gJvaBX69F6tt6s92lrxprN7KM/sj6+ASizm0M=</latexit>

= ✓1�1(x) + ✓2�2(x)
<latexit sha1_base64="YARVchO4YPfKOp8hSdy/hZXpyGE=">AAACC3icbVDJSgNBEO2JW4xb1KOXJkGICGHGKHoMevEYwSyQGYaeTk+mSc9Cd40Yhty9+CtePCji1R/w5t/YWUBNfFDweK+KqnpeIrgC0/wyckvLK6tr+fXCxubW9k5xd6+l4lRS1qSxiGXHI4oJHrEmcBCsk0hGQk+wtje4GvvtOyYVj6NbGCbMCUk/4j6nBLTkFkvZCB9jGwIGxK1hOwm4W6vcH/2Iplssm1VzArxIrBkpoxkabvHT7sU0DVkEVBClupaZgJMRCZwKNirYqWIJoQPSZ11NIxIy5WSTX0b4UCs97MdSVwR4ov6eyEio1DD0dGdIIFDz3lj8z+um4F84GY+SFFhEp4v8VGCI8TgY3OOSURBDTQiVXN+KaUAkoaDjK+gQrPmXF0nrpGqdVc2b03L9chZHHh2gEqogC52jOrpGDdREFD2gJ/SCXo1H49l4M96nrTljNrOP/sD4+Aa035ju</latexit>

+ ✓3�3(x) + ✓0
<latexit sha1_base64="ZpNZPDQKjIqKpcHpvjdYNwGSdJA=">AAACEHicbZDLSsNAFIYn9VbrLerSzWARK0JJiqIboejGZQV7gSaEyWTSDp1MwsxELKGP4MZXceNCEbcu3fk2TtssbOsPAz/fOYcz5/cTRqWyrB+jsLS8srpWXC9tbG5t75i7ey0ZpwKTJo5ZLDo+koRRTpqKKkY6iSAo8hlp+4Obcb39QISkMb9Xw4S4EepxGlKMlEaeeXwFbejgIFbQSfrUsyuPJ/B0ltU088yyVbUmgovGzk0Z5Gp45rcTxDiNCFeYISm7tpUoN0NCUczIqOSkkiQID1CPdLXlKCLSzSYHjeCRJgEMY6EfV3BC/05kKJJyGPm6M0KqL+drY/hfrZuq8NLNKE9SRTieLgpTBlUMx+nAgAqCFRtqg7Cg+q8Q95FAWOkMSzoEe/7kRdOqVe3zqnV3Vq5f53EUwQE4BBVggwtQB7egAZoAgyfwAt7Au/FsvBofxue0tWDkM/tgRsbXL6iNmdg=</latexit>

= 1 · �1(x) + 1 · �2(x)
<latexit sha1_base64="RwQo6iWEIWOVgdC67ykhqEyyJ6c=">AAACCHicbVDLSsNAFJ3UV62vqEsXDhahRSyJWnRZdOOygn1AE8JkMmmHTjJhZiKW0KUbf8WNC0Xc+gnu/BunbRZaPXDhcM693HuPnzAqlWV9GYWFxaXlleJqaW19Y3PL3N5pS54KTFqYMy66PpKE0Zi0FFWMdBNBUOQz0vGHVxO/c0eEpDy+VaOEuBHqxzSkGCkteeZ+NoZH0IYODriCTjKg3mnlvqq1yrFVq1c9s2zVrCngX2LnpAxyND3z0wk4TiMSK8yQlD3bSpSbIaEoZmRcclJJEoSHqE96msYoItLNpo+M4aFWAhhyoStWcKr+nMhQJOUo8nVnhNRAznsT8T+vl6rwws1onKSKxHi2KEwZVBxOUoEBFQQrNtIEYUH1rRAPkEBY6exKOgR7/uW/pH1Ss+s16+as3LjM4yiCPXAAKsAG56ABrkETtAAGD+AJvIBX49F4Nt6M91lrwchndsEvGB/fImeWMw==</latexit>

+ 1 · �3(x) + (�0.5)

<latexit sha1_base64="AdQauEap7QPMkG3oXsh3dZwK09w=">AAACD3icbVDLSsNAFJ34rPUVdelmsCiCUBJRdCMU3bisYB/QxDCZTtqhk0yYmVhLyB+48VfcuFDErVt3/o2TNgttPTDD4Zx7ufceP2ZUKsv6NubmFxaXlksr5dW19Y1Nc2u7KXkiMGlgzrho+0gSRiPSUFQx0o4FQaHPSMsfXOV+654ISXl0q0YxcUPUi2hAMVJa8syDC+iESPX9ILUzJ4XDO0fxGD7AIzj0LOj0CNR/5pkVq2 qNAWeJXZAKKFD3zC+ny3ESkkhhhqTs2Fas3BQJRTEjWdlJJIkRHqAe6WgaoZBINx3fk8F9rXRhwIV+kYJj9XdHikIpR6GvK/Pd5bSXi/95nUQF525KozhRJMKTQUHCoOIwDwd2qSBYsZEmCAuqd4W4jwTCSkdY1iHY0yfPkuZx1T6tWjcnldplEUcJ7II9cAhscAZq4BrUQQNg8AiewSt4M56MF+Pd+JiUzhlFzw74A+PzB8gqmpQ=</latexit>

= 1{w>x+ w0 � 0}
<latexit sha1_base64="V3exqqTkNNmso8a4991imJmIY8Q=">AAACL3icbVDLSgMxFM34tr5GXboJFkEQyowouhFEQVxWsCp0xpJJ77TBzIPkjlqG+SM3/ko3Ioq49S9M6yy09UJyD+fcS3JOkEqh0XFerYnJqemZ2bn5ysLi0vKKvbp2pZNMcWjwRCbqJmAapIihgQIl3KQKWBRIuA7uTgf69T0oLZL4Ensp+BHrxCIUnKGhWvbZEfUiht0gzN3Cy6mHQrYhL9tDUdx6mKT0ke6MSy2Heh2g5i5adtWpOcOi48AtQZWUVW/Zfa+d8CyCGLlkWjddJ0U/ZwoFl1BUvExDyvgd60DTwJhFoP186LegW4Zp0zBR5sRIh+zvjZxFWveiwEwOvOlRbUD+pzUzDA/9XMRphhDzn4fCTFJM6CA82hYKOMqeAYwrYf5KeZcpxtFEXDEhuKOWx8HVbs3drzkXe9XjkzKOObJBNsk2cckBOSbnpE4ahJMn0idv5N16tl6sD+vzZ3TCKnfWyZ+yvr4BsQ6pbA==</latexit>

= 1{ ˜̃w>x+ ˜̃w0 � 0}

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="gCSosLIvxm2i6vHL9PCmfr/c2Ls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuqeix6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrF+tfx03i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhFd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteJdVNy7Wql+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QPk8Y/P</latexit>

�2(x)<latexit sha1_base64="0PIQkckZBqqIK3c8OYMbFUe6G6k=">AAACH3icbVDLSgMxFM34rPU16tJNsAiCUGbE10YounGpYLXQqUMmc6cGMw+SO2oZ5k/c+CtuXCgi7vwb01pQqwcSDufcS3JOkEmh0XE+rLHxicmp6cpMdXZufmHRXlo+12muODR5KlPVCpgGKRJookAJrUwBiwMJF8H1Ud+/uAGlRZqcYS+DTsy6iYgEZ2gk3949oF7M8CqICrf0CuqhkCEUt+Wlh2lG7+jmt+Q71OsCNXfp2zWn7gxA/xJ3SGpkiBPffvfClOcxJMgl07rtOhl2CqZQcAll1cs1ZIxfsy60DU1YDLpTDPKVdN0oIY1SZU6CdKD+3ChYrHUvDsxkP4se9frif147x2i/U4gkyxES/vVQlEuKKe2XRUOhgKPsGcK4EuavlF8xxTiaSqumBHc08l9yvlV3d+rO6XatcTiso0JWyRrZIC7ZIw1yTE5Ik3ByTx7JM3mxHqwn69V6+xods4Y7K+QXrI9Phb6iAA==</latexit>

= 1{w̃>x+ w̃0 � 0}

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="jS9JgzDjTqe+wa75JcQXRSE+7lo=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRqihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD6pONAg==</latexit>z

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

<latexit sha1_base64="ZSMi35a3+hC48sPX3bf/6mZXogY=">AAACAHicbVDLSsNAFJ3UV62vqAsXbgaLUDclEUVxVXTjsoJ9QBPLZDpphk4ezNxIS+jGX3HjQhG3foY7/8Zpm4W2HrhwOOde7r3HSwRXYFnfRmFpeWV1rbhe2tjc2t4xd/eaKk4lZQ0ai1i2PaKY4BFrAAfB2olkJPQEa3mDm4nfemRS8Ti6h1HC3JD0I+5zSkBLXfNgeIUdCBiQBwfiBDtJwCvDE9w1y1bVmgIvEjsnZZSj3jW/nF5M05BFQAVRqmNbCbgZkcCpYOOSkyqWEDogfdbRNCIhU242fWCMj7XSw34sdUWAp+rviYyESo1CT3eGBAI1703E/7xOCv6lm/EoSYFFdLbITwWGGE/SwD0uGQUx0oRQyfWtmAZEEgo6s5IOwZ5/eZE0T6v2edW6OyvXrvM4iugQHaEKstEFqqFbVEcNRNEYPaNX9GY8GS/Gu/Exay0Y+cw++gPj8wdGo5WM</latexit>

x : ✓>�(x)

<latexit sha1_base64="tBXiCGBR4hVCSozEuI9ZmNrjZbU=">AAACDnicbVDLSgNBEJz1GeMr6tHLYAhEhDAriuJBgl48RjAPyMZldjKbDJl9MNMrCSFf4MVf8eJBEa+evfk3TpI9aGJBQ1HVTXeXF0uhgZBva2FxaXllNbOWXd/Y3NrO7ezWdJQoxqsskpFqeFRzKUJeBQGSN2LFaeBJXvd612O//sCVFlF4B4OYtwLaCYUvGAUjublC/wI70OVA7x2IYuzEXVHsH+KjVHUJvsTEzeVJiUyA54mdkjxKUXFzX047YknAQ2CSat20SQytIVUgmOSjrJNoHlPWox3eNDSkAdet4eSdES4YpY39SJkKAU/U3xNDGmg9CDzTGVDo6llvLP7nNRPwz1tDEcYJ8JBNF/mJxBDhcTa4LRRnIAeGUKaEuRWzLlWUgUkwa0KwZ1+eJ7Xjkn1aIrcn+fJVGkcG7aMDVEQ2OkNldIMqqIoYekTP6BW9WU/Wi/VufUxbF6x0Zg/9gfX5A+LRmhI=</latexit>

x : ✓>�(x) + ✓0 > 0

<latexit sha1_base64="7MMc5RQrGYvd8YOfmNQDy7+K0zE=">AAAB+nicbVBNSwMxEM36WevXVo9egkUQhJIVRQ8eil48VrAf0C4lm2bb0Gx2SWaVsvanePGgiFd/iTf/jWm7B219MPB4b4aZeUEihQFCvp2l5ZXVtfXCRnFza3tn1y3tNUycasbrLJaxbgXUcCkUr4MAyVuJ5jQKJG8Gw5uJ33zg2ohY3cMo4X5E+0qEglGwUtctZWN8gjsw4EC7BF9h0nXLpEKmwIvEy0kZ5ah13a9OL2ZpxBUwSY1peyQBP6MaBJN8XOykhieUDWmfty1VNOLGz6anj/GRVXo4jLUtBXiq/p7IaGTMKApsZ0RhYOa9ifif104hvPQzoZIUuGKzRWEqMcR4kgPuCc0ZyJEllGlhb8VsQDVlYNMq2hC8+ZcXSeO04p1XyN1ZuXqdx1FAB+gQHSMPXaAqukU1VEcMPaJn9IrenCfnxXl3PmatS04+s4/+wPn8AdJnkmk=</latexit>

+ ✓0 < 0

Will I avoid running?

11

<latexit sha1_base64="//IpIReOMswdZ2w5IF+r7SHzS7w=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJez6QI9BLx4jmAcmS5idTJIhs7PLTK8YlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXdXEEth0HW/naXlldW19dxGfnNre2e3sLdfN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBEMbyZ+45FrIyJ1j6OY+yHtK9ETjKKVHtrxQHTOSk8npFMoumV3CrJIvIwUIUO1U/hqdyOWhFwhk9SYlufG6KdUo2CSj/PtxPCYsiHt85aliobc+On04jE5tkqX9CJtSyGZqr8nUhoaMwoD2xlSHJh5byL+57US7F35qVBxglyx2aJeIglGZPI+6QrNGcqRJZRpYW8lbEA1ZWhDytsQvPmXF0n9tOxdlN2782LlOosjB4dwBCXw4BIqcAtVqAEDBc/wCm+OcV6cd+dj1rrkZDMH8AfO5w8+84/6</latexit>

�3(x)



x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="QNX7duAJ2oSmDhyy8pSktqv2xZg=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAIESTsiqLgJejFU4hgHpAsy+xkNhky+2CmVxLWHPwVLx4U8epvePNvnCR70MSChqKqm+4uLxZcgWV9GwuLS8srq7m1/PrG5ta2ubNbV1EiKavRSESy6RHFBA9ZDTgI1owlI4EnWMPr34z9xgOTikfhPQxj5gSkG3KfUwJacs39NrAByCCtVEbFwRVunOCGax27ZsEqWRPgeWJnpIAyVF3zq92JaBKwEKggSrVsKwYnJRI4FWyUbyeKxYT2SZe1NA1JwJSTTu4f4SOtdLAfSV0h4In6eyIlgVLDwNOdAYGemvXG4n9eKwH/0kl5GCfAQjpd5CcCQ4THYeAOl4yCGGpCqOT6Vkx7RBIKOrK8DsGefXme1E9L9nnJujsrlK+zOHLoAB2iIrLRBSqjW1RFNUTRI3pGr+jNeDJejHfjY9q6YGQze+gPjM8fCUiUzA==</latexit>

NN(x;W,W0)

<latexit sha1_base64="VR6ZFQKvDDsR3Jd0cdE8rmIj8TI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquVfRY9OKxgv2QdinZNNuGJtklyYpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqtx6p0iyS92YcU1/ggWQhI9hY6aEbD1mvWn467RVLbsWdAS0TLyMlyFDvFb+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28ASdWKWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwis/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtgQvMWXl0nzrOJdVNy781LtOosjD0dwDGXw4BJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wfmeI/Q</latexit>

�3(x)
<latexit sha1_base64="gCSosLIvxm2i6vHL9PCmfr/c2Ls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuqeix6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrF+tfx03i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhFd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteJdVNy7Wql+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QPk8Y/P</latexit>

�2(x)
<latexit sha1_base64="aj7N43AReHKZanu6a2s1RMPZkE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevFYwX5Iu5Rsmm1Dk+ySZMWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aEXj1jfqz6d9ssVt+ZmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOat5Fzb07r9Sv8ziKcATHUAUPLqEOt9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwDjao/O</latexit>

�1(x)

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

• 1st layer, constructing the features: 
• Input     (a data point): size  
• Output         (vector of features): size  
• The ith feature: 

• All the features at once: 
•   
•    

• 2nd layer, assigning a label (or labels): 
• Input (the features): size 
• Output        (vector of labels): size  
• The ith label: 

• All: 
•

Let’s get some new notation
<latexit sha1_base64="fLBAq4QNHt6x49astMKifX19cb0=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4Kokoeix68diC/YA2lM120q7dbMLuRiyhv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ2V1bX1js7BV3N7Z3dsvHRw2dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6nfqtR1Sax/LejBP0IzqQPOSMGivVn3qlsltxZyDLxMtJGXLUeqWvbj9maYTSMEG17nhuYvyMKsOZwEmxm2pMKBvRAXYslTRC7WezQyfk1Cp9EsbKljRkpv6eyGik9TgKbGdEzVAvelPxP6+TmvDaz7hMUoOSzReFqSAmJtOvSZ8rZEaMLaFMcXsrYUOqKDM2m6INwVt8eZk0zyveZcWtX5SrN3kcBTiGEzgDD66gCndQgwYwQHiGV3hzHpwX5935mLeuOPnMEfyB8/kD54uNAA==</latexit>x

<latexit sha1_base64="91A8AkmuE5GYDsQ8pwVbETnAWYM=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2FXFD1GvXiMYB6QrGF2MkmGzM4uM71CWPIRXjwo4tXv8ebfOEn2oIkFDUVVN91dQSyFQdf9dnIrq2vrG/nNwtb2zu5ecf+gYaJEM15nkYx0K6CGS6F4HQVK3oo1p2EgeTMY3U795hPXRkTqAccx90M6UKIvGEUrNa8f07J3OukWS27FnYEsEy8jJchQ6xa/Or2IJSFXyCQ1pu25Mfop1SiY5JNCJzE8pmxEB7xtqaIhN346O3dCTqzSI/1I21JIZurviZSGxozDwHaGFIdm0ZuK/3ntBPtXfipUnCBXbL6on0iCEZn+TnpCc4ZybAllWthbCRtSTRnahAo2BG/x5WXSOKt4FxX3/rxUvcniyMMRHEMZPLiEKtxBDerAYATP8ApvTuy8OO/Ox7w152Qzh/AHzucPQ4yO3Q==</latexit>

A(1)

<latexit sha1_base64="sY4CgasTUAWpVXj67abeRGZHi9o=">AAAB+XicbVBNSwMxEM3Wr1q/Vj16CRahXsquKHosevFYwX5Au5Zsmm1Dk+ySzBbK0n/ixYMiXv0n3vw3pu0etPXBwOO9GWbmhYngBjzv2ymsrW9sbhW3Szu7e/sH7uFR08SppqxBYxHrdkgME1yxBnAQrJ1oRmQoWCsc3c381phpw2P1CJOEBZIMFI84JWClnuvKp6zin09xF7hkBvs9t+xVvTnwKvFzUkY56j33q9uPaSqZAiqIMR3fSyDIiAZOBZuWuqlhCaEjMmAdSxWxa4JsfvkUn1mlj6NY21KA5+rviYxIYyYytJ2SwNAsezPxP6+TQnQTZFwlKTBFF4uiVGCI8SwG3OeaURATSwjV3N6K6ZBoQsGGVbIh+Msvr5LmRdW/qnoPl+XabR5HEZ2gU1RBPrpGNXSP6qiBKBqjZ/SK3pzMeXHenY9Fa8HJZ47RHzifP98FkoM=</latexit>

m(1) ⇥ 1
<latexit sha1_base64="+dVlSmkPT6BegfmJgmxxnTAnfEc=">AAAB+XicbVDLSgNBEOyNrxhfqx69DAYhXsKuKHoMevEYwTwgiWF2MkmGzM4uM72BsORPvHhQxKt/4s2/cZLsQRMLGoqqbrq7glgKg5737eTW1jc2t/LbhZ3dvf0D9/CobqJEM15jkYx0M6CGS6F4DQVK3ow1p2EgeSMY3c38xphrIyL1iJOYd0I6UKIvGEUrdV1XPaUl/3xK2ihCbojfdYte2ZuDrBI/I0XIUO26X+1exJKQK2SSGtPyvRg7KdUomOTTQjsxPKZsRAe8Zamidk0nnV8+JWdW6ZF+pG0pJHP190RKQ2MmYWA7Q4pDs+zNxP+8VoL9m04qVJwgV2yxqJ9IghGZxUB6QnOGcmIJZVrYWwkbUk0Z2rAKNgR/+eVVUr8o+1dl7+GyWLnN4sjDCZxCCXy4hgrcQxVqwGAMz/AKb07qvDjvzseiNedkM8fwB87nD+CYkoQ=</latexit>

n(1) ⇥ 1

<latexit sha1_base64="eNGfGd87VDD3og9wPCK6yYfCe2Y=">AAAB+XicbVBNSwMxEM36WevXqkcvwSLUS9ktih6LXjxWsB/QriWbZtvQJLsks4Wy9J948aCIV/+JN/+NabsHbX0w8Hhvhpl5YSK4Ac/7dtbWNza3tgs7xd29/YND9+i4aeJUU9agsYh1OySGCa5YAzgI1k40IzIUrBWO7mZ+a8y04bF6hEnCAkkGikecErBSz3XlU1auXkxxF7hkBvs9t+RVvDnwKvFzUkI56j33q9uPaSqZAiqIMR3fSyDIiAZOBZsWu6lhCaEjMmAdSxWxa4JsfvkUn1ulj6NY21KA5+rviYxIYyYytJ2SwNAsezPxP6+TQnQTZFwlKTBFF4uiVGCI8SwG3OeaURATSwjV3N6K6ZBoQsGGVbQh+Msvr5JmteJfVbyHy1LtNo+jgE7RGSojH12jGrpHddRAFI3RM3pFb07mvDjvzseidc3JZ07QHzifP+CUkoQ=</latexit>

m(2) ⇥ 1
<latexit sha1_base64="kGszrZuTKgiqFFiGVd90TgJZUsY=">AAAB7nicbVDLSgNBEOz1GeMr6tHLYBDiJewGRY9RLx4jmAcka5iddJIhs7PLzKwQlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXdXEAuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESqFVCNgkusG24EtmKFNAwENoPR7dRvPqHSPJIPZhyjH9KB5H3OqLFS8/oxLVXOJt1C0S27M5Bl4mWkCBlq3cJXpxexJERpmKBatz03Nn5KleFM4CTfSTTGlI3oANuWShqi9tPZuRNyapUe6UfKljRkpv6eSGmo9TgMbGdIzVAvelPxP6+dmP6Vn3IZJwYlmy/qJ4KYiEx/Jz2ukBkxtoQyxe2thA2poszYhPI2BG/x5WXSqJS9i7J7f16s3mRx5OAYTqAEHlxCFe6gBnVgMIJneIU3J3ZenHfnY9664mQzR/AHzucPRRKO3g==</latexit>

A(2)
<latexit sha1_base64="qOCkbTZ3EqL5R+KyEG1A5xMSPEs=">AAAB+XicbVDLSgNBEOz1GeNr1aOXwSDES9gNih6DXjxGMA9IYpidTJIhs7PLTG8gLPkTLx4U8eqfePNvnCR70MSChqKqm+6uIJbCoOd9O2vrG5tb27md/O7e/sGhe3RcN1GiGa+xSEa6GVDDpVC8hgIlb8aa0zCQvBGM7mZ+Y8y1EZF6xEnMOyEdKNEXjKKVuq6rntJi+WJK2ihCbojfdQteyZuDrBI/IwXIUO26X+1exJKQK2SSGtPyvRg7KdUomOTTfDsxPKZsRAe8Zamidk0nnV8+JedW6ZF+pG0pJHP190RKQ2MmYWA7Q4pDs+zNxP+8VoL9m04qVJwgV2yxqJ9IghGZxUB6QnOGcmIJZVrYWwkbUk0Z2rDyNgR/+eVVUi+X/KuS93BZqNxmceTgFM6gCD5cQwXuoQo1YDCGZ3iFNyd1Xpx352PRuuZkMyfwB87nD+InkoU=</latexit>

n(2) ⇥ 1

<latexit sha1_base64="0IsJYDkD6myzkxuEvInxfa1KsdM=">AAACFXicbVBNS8MwGE7n15xfVY9egkPYUEYril6EqRePE9wHbHWkWbqFpU1JUnGU/gkv/hUvHhTxKnjz35i1Pej0gZAnz/O+vHkfN2RUKsv6Mgpz8wuLS8Xl0srq2vqGubnVkjwSmDQxZ1x0XCQJowFpKqoY6YSCIN9lpO2OL6d++44ISXlwoyYhcXw0DKhHMVJa6psH57dxxa4m8Ax6Gau007uneJjAe7gPs3fSt6p9s2zVrBTwL7FzUgY5Gn3zszfgOPJJoDBDUnZtK1ROjISimJGk1IskCREeoyHpahogn0gnTrdK4J5WBtDjQp9AwVT92REjX8qJ7+pKH6mRnPWm4n9eN1LeqRPTIIwUCXA2yIsYVBxOI4IDKghWbKIJwoLqv0I8QgJhpYMs6RDs2ZX/ktZhzT6uWddH5fpFHkcR7IBdUAE2OAF1cAUaoAkweABP4AW8Go/Gs/FmvGelBSPv2Qa/YHx8A1QSmys=</latexit>

A(1) = f (1)(W (1)>x+W (1)
0 )

<latexit sha1_base64="Vc+yI1MDRjOFU6JNUh6UCzB+CyI=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARWoQyUxTdCFU3LivYC7TjkEkzbWjmQpIRyjDv4cZXceNCEVeCC9/GzGWhrQdCPv7/HJLzOyGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29rggijkkHByzgfQcJwqhPOpJKRvohJ8hzGOk50+vU7z0QLmjg38lZSCwPjX3qUoykkmy9eXkf15r1BF5AN6daL7uHMggTmLqmco9hria2Ubf1qtEwsoKLYBZQBUW1bf1zOApw5BFfYoaEGJhGKK0YcUkxI0llGAkSIjxFYzJQ6COPCCvOdkvgkVJG0A24Or6Emfp7IkaeEDPPUZ0ekhMx76Xif94gku65FVM/jCTxcf6QGzEoA5gGBUeUEyzZTAHCnKq/QjxBHGGp4qyoEMz5lReh22yYpw3j9qTauiriKIMDcAhqwARnoAVuQBt0AAaP4Bm8gjftSXvR3rWPvLWkFTP74E9pXz8EWp0M</latexit>

A(2) = f (2)(W (2)>A(1) +W (2)
0 )

<latexit sha1_base64="vi4QHpWSeBJ6Y8yj32E8q5fr5oM=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0Wom5KIoqiLohuXFWxTaGOYTCft0MkkzEyEEvozbvwVNy4sIrjyV5w2EWzrgYFzzz2XO/f4MaNSWdaXUVhaXlldK66XNja3tnfM3b2mjBKBSQNHLBItH0nCKCcNRRUjrVgQFPqMOP7gdtJ3noiQNOIPahgTN0Q9TgOKkdKSZ147j2nFPh5dwjAjsKNoSCTkWXkFHc/6tfBZi+2ZZatqTQEXiZ2TMshR98xxpxvhJCRcYYakbNtWrNwUCUUxI6NSJ5EkRniAeqStKUd6jZtOrxzBI610YRAJ/biCU/XvRIpCKYehr50hUn0535uI//XaiQou3JTyOFGE42xRkDCoIjiJDHapIFixoSYIC6r/CnEfCYSVDrakQ7DnT14kzZOqfVa17k/LtZs8jiI4AIegAmxwDmrgDtRBA2DwDF7BOxgbL8ab8WF8ZtaCkc/sgxkY3z9hg6GB</latexit>

W (1) : m(1) ⇥ n(1);W (1)
0 : n(1) ⇥ 1

<latexit sha1_base64="B7f9/bomvOaT+jt5NgZL27GvleI=">AAACJXicbVDLSsNAFJ34rPUVdelmsAh1U5KiKOqi6MZlBdsU2hgm00k7dDIJMxOhhP6MG3/FjQuLCK78FadNBNt6YODcc8/lzj1+zKhUlvVlLC2vrK6tFzaKm1vbO7vm3n5TRonApIEjFomWjyRhlJOGooqRViwICn1GHH9wO+k7T0RIGvEHNYyJG6IepwHFSGnJM6+dx7RcPRldwjAjsKNoSCTkWXkFHc/6tfBZi+2ZJatiTQEXiZ2TEshR98xxpxvhJCRcYYakbNtWrNwUCUUxI6NiJ5EkRniAeqStKUd6jZtOrxzBY610YRAJ/biCU/XvRIpCKYehr50hUn0535uI//XaiQou3JTyOFGE42xRkDCoIjiJDHapIFixoSYIC6r/CnEfCYSVDraoQ7DnT14kzWrFPqtY96el2k0eRwEcgiNQBjY4BzVwB+qgATB4Bq/gHYyNF+PN+DA+M+uSkc8cgBkY3z9puqGG</latexit>

W (2) : m(2) ⇥ n(2);W (2)
0 : n(2) ⇥ 1

x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

      
<latexit sha1_base64="N5ZmnIHeVyg4BdRcT2MRL9hYzQk=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRahXsquKHoRil48VrAfsF1LNpu2odlkSbJCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDDhTBvX/XYKK6tr6xvFzdLW9s7uXnn/oKVlqghtEsml6oRYU84EbRpmOO0kiuI45LQdjm6nfvuJKs2keDDjhAYxHgjWZwQbK/nxY1b1TifoGkW9csWtuTOgZeLlpAI5Gr3yVzeSJI2pMIRjrX3PTUyQYWUY4XRS6qaaJpiM8ID6lgocUx1ks5Mn6MQqEepLZUsYNFN/T2Q41noch7YzxmaoF72p+J/np6Z/FWRMJKmhgswX9VOOjETT/1HEFCWGjy3BRDF7KyJDrDAxNqWSDcFbfHmZtM5q3kXNvT+v1G/yOIpwBMdQBQ8uoQ530IAmEJDwDK/w5hjnxXl3PuatBSefOYQ/cD5/AHpAkBI=</latexit>

m
(1) = d

      <latexit sha1_base64="cX1bZMBl4IRJA+280DDNqhNfU3E=">AAAB+nicbZDLSsNAFIZPvNZ6S3XpZrAI7aYkRdGNUHTjsoK9QBvLZDpth04mYWailJhHceNCEbc+iTvfxmmbhbb+MPDxn3M4Z34/4kxpx/m2VlbX1jc2c1v57Z3dvX27cNBUYSwJbZCQh7LtY0U5E7Shmea0HUmKA5/Tlj++ntZbD1QqFoo7PYmoF+ChYANGsDZWzy4E90mpWk7RJRKG3HLas4tOxZkJLYObQREy1Xv2V7cfkjigQhOOleq4TqS9BEvNCKdpvhsrGmEyxkPaMShwQJWXzE5P0Ylx+mgQSvOERjP390SCA6UmgW86A6xHarE2Nf+rdWI9uPASJqJYU0HmiwYxRzpE0xxQn0lKNJ8YwEQycysiIywx0SatvAnBXfzyMjSrFfes4tyeFmtXWRw5OIJjKIEL51CDG6hDAwg8wjO8wpv1ZL1Y79bHvHXFymYO4Y+szx/EWpJi</latexit>

m
(2) = n

(1)

<latexit sha1_base64="d82VwD5Ddpz7sKoEcakwJwlOg/w=">AAACIXicbVDLSgMxFM3UV62vUZdugkVoUcqMKHYjVN24rGAf0I5DJs20oZkHScZahvkVN/6KGxeKdCf+jOlMBa1eCDk551xu7nFCRoU0jA8tt7C4tLySXy2srW9sbunbO00RRByTBg5YwNsOEoRRnzQklYy0Q06Q5zDScoZXU711T7iggX8rxyGxPNT3qUsxkoqy9erFXVwyy4kd0wSeQzd7lUbp3ZVBmCkP8BCOvp3GEU3Ktl40KkZa8C8wZ6AIZlW39Um3F+DII77EDAnRMY1QWjHikmJGkkI3EiREeIj6pKOgjzwirDjdMIEHiulBN+Dq+BKm7M+OGHlCjD1HOT0kB2Jem5L/aZ1IulUrpn4YSeLjbJAbMSgDOI0L9ignWLKxAghzqv4K8QBxhKUKtaBCMOdX/guaxxXztGLcnBRrl7M48mAP7IMSMMEZqIFrUAcNgMEjeAav4E170l60d22SWXParGcX/Crt8wv7BqDw</latexit>

A(1)
i = f (1)(w(1)>

i x+ w(1)
0,i )

<latexit sha1_base64="Ilv7A1BBpoEARya2+IxbDhZM5TI=">AAACJ3icbVDLSgMxFM3UV62vqks3wSK0KGWmKLpRqm5cVrAPaOuQSTNtaCYzJBlLGeZv3PgrbgQV0aV/YqYdQasXQk7OOZebe5yAUalM88PIzM0vLC5ll3Mrq2vrG/nNrYb0Q4FJHfvMFy0HScIoJ3VFFSOtQBDkOYw0neFlojfviJDU5zdqHJCuh/qcuhQjpSk7f3Z+GxUrpdiOaAxPoTt9FUeTu6P8YKokLqsUw304+vabBzQu2fmCWTYnBf8CKwUFkFbNzj93ej4OPcIVZkjKtmUGqhshoShmJM51QkkChIeoT9oacuQR2Y0me8ZwTzM96PpCH67ghP3ZESFPyrHnaKeH1EDOagn5n9YOlXvSjSgPQkU4ng5yQwaVD5PQYI8KghUba4CwoPqvEA+QQFjpaHM6BGt25b+gUSlbR2Xz+rBQvUjjyIIdsAuKwALHoAquQA3UAQb34BG8gFfjwXgy3oz3qTVjpD3b4FcZn1/IQqLR</latexit>

A(2)
i = f (2)(w(2)>

i A(1) + w(2)
0,i )

    Like
<latexit sha1_base64="+uQyNRflh6ZfpBt0Osl+e4sjuBk=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOl5qRfrrhVdw6ySrycVCBHo1/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQmv/YzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ+6LqXVZrzVqlfpPHUYQTOIVz8OAK6nAHDWgBA4RneIU359F5cd6dj0VrwclnjuEPnM8f6quNBg==</latexit>y
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="QNX7duAJ2oSmDhyy8pSktqv2xZg=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAIESTsiqLgJejFU4hgHpAsy+xkNhky+2CmVxLWHPwVLx4U8epvePNvnCR70MSChqKqm+4uLxZcgWV9GwuLS8srq7m1/PrG5ta2ubNbV1EiKavRSESy6RHFBA9ZDTgI1owlI4EnWMPr34z9xgOTikfhPQxj5gSkG3KfUwJacs39NrAByCCtVEbFwRVunOCGax27ZsEqWRPgeWJnpIAyVF3zq92JaBKwEKggSrVsKwYnJRI4FWyUbyeKxYT2SZe1NA1JwJSTTu4f4SOtdLAfSV0h4In6eyIlgVLDwNOdAYGemvXG4n9eKwH/0kl5GCfAQjpd5CcCQ4THYeAOl4yCGGpCqOT6Vkx7RBIKOrK8DsGefXme1E9L9nnJujsrlK+zOHLoAB2iIrLRBSqjW1RFNUTRI3pGr+jNeDJejHfjY9q6YGQze+gPjM8fCUiUzA==</latexit>

NN(x;W,W0)
Function graph representation

• 1st layer: 
• 2nd layer:  
• Whole thing: 

<latexit sha1_base64="0IsJYDkD6myzkxuEvInxfa1KsdM=">AAACFXicbVBNS8MwGE7n15xfVY9egkPYUEYril6EqRePE9wHbHWkWbqFpU1JUnGU/gkv/hUvHhTxKnjz35i1Pej0gZAnz/O+vHkfN2RUKsv6Mgpz8wuLS8Xl0srq2vqGubnVkjwSmDQxZ1x0XCQJowFpKqoY6YSCIN9lpO2OL6d++44ISXlwoyYhcXw0DKhHMVJa6psH57dxxa4m8Ax6Gau007uneJjAe7gPs3fSt6p9s2zVrBTwL7FzUgY5Gn3zszfgOPJJoDBDUnZtK1ROjISimJGk1IskCREeoyHpahogn0gnTrdK4J5WBtDjQp9AwVT92REjX8qJ7+pKH6mRnPWm4n9eN1LeqRPTIIwUCXA2yIsYVBxOI4IDKghWbKIJwoLqv0I8QgJhpYMs6RDs2ZX/ktZhzT6uWddH5fpFHkcR7IBdUAE2OAF1cAUaoAkweABP4AW8Go/Gs/FmvGelBSPv2Qa/YHx8A1QSmys=</latexit>

A(1) = f (1)(W (1)>x+W (1)
0 )

<latexit sha1_base64="Vc+yI1MDRjOFU6JNUh6UCzB+CyI=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARWoQyUxTdCFU3LivYC7TjkEkzbWjmQpIRyjDv4cZXceNCEVeCC9/GzGWhrQdCPv7/HJLzOyGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29rggijkkHByzgfQcJwqhPOpJKRvohJ8hzGOk50+vU7z0QLmjg38lZSCwPjX3qUoykkmy9eXkf15r1BF5AN6daL7uHMggTmLqmco9hria2Ubf1qtEwsoKLYBZQBUW1bf1zOApw5BFfYoaEGJhGKK0YcUkxI0llGAkSIjxFYzJQ6COPCCvOdkvgkVJG0A24Or6Emfp7IkaeEDPPUZ0ekhMx76Xif94gku65FVM/jCTxcf6QGzEoA5gGBUeUEyzZTAHCnKq/QjxBHGGp4qyoEMz5lReh22yYpw3j9qTauiriKIMDcAhqwARnoAVuQBt0AAaP4Bm8gjftSXvR3rWPvLWkFTP74E9pXz8EWp0M</latexit>

A(2) = f (2)(W (2)>A(1) +W (2)
0 )

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4U zgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJ jkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>...

<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="mh5/sETdGTqQJQFHuyoHKyKXVq0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaWDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqzUCh+zinc26ZXKbtWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdI8r3qXVff+oly7yeMowDGcQAU8uIIa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx98fo8C</latexit>

f (1)

<latexit sha1_base64="mh5/sETdGTqQJQFHuyoHKyKXVq0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaWDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqzUCh+zinc26ZXKbtWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdI8r3qXVff+oly7yeMowDGcQAU8uIIa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx98fo8C</latexit>

f (1)

<latexit sha1_base64="mh5/sETdGTqQJQFHuyoHKyKXVq0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaWDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqzUCh+zinc26ZXKbtWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdI8r3qXVff+oly7yeMowDGcQAU8uIIa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx98fo8C</latexit>

f (1)

<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>...
<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>...

<latexit sha1_base64="Fb3hi8hR2BWe0eDYkp+899mM8dA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9eKxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6eHqMS17p5Oe1yuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4Ak6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLAheIsvL5PmWcU7r7h31VLtOosjD0dwDGXw4AJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wdsTo+B</latexit>

A(1)
1

<latexit sha1_base64="NcY6PJXe7Si37tBZSwua0cIZu3w=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY9eKxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6eHqMS17p5NetVcsuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0YpU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasU7r7h3Z6XadRZHHo7gGMrgwQXU4Bbq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9t0o+C</latexit>

A(1)
2

<latexit sha1_base64="lA5204msC4kXOAaHgu1RXU9jGE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv3Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6f7hMS17p5Oe1yuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4Ak6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLAheIsvL5PmWcU7r7i31VLtKosjD0dwDGXw4AJqcAN1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8weS+o+a</latexit>

Z(1)
1

<latexit sha1_base64="OdK+6FuUbDYpdkPhD3zTiNCyDqQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY9OKxgv3Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6f7hMS17p5NetVcsuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0YpU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasU7r7i3Z6XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w+Ufo+b</latexit>

Z(1)
2

<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃
<latexit sha1_base64="7+bboTMS14xgmBY6wy7SKdjOPHY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3KHoMevEYwTwgiWF20psMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7/FhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGptk81Ci6xYbgR2I4V0tAX2PLHtzO/9YRK80g+mEmMvZAOJQ84o8ZKreAxLVfPp/1iya24c5BV4mWkBBnq/eJXdxCxJERpmKBadzw3Nr2UKsOZwGmhm2iMKRvTIXYslTRE3Uvn507JmVUGJIiULWnIXP09kdJQ60no286QmpFe9mbif14nMcF1L+UyTgxKtlgUJIKYiMx+JwOukBkxsYQyxe2thI2ooszYhAo2BG/55VXSrFa8y4p7f1Gq3WRx5OEETqEMHlxBDe6gDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHfgSPAw==</latexit>

f (2)
<latexit sha1_base64="+6XaMJiu4Mf16JSceYhZKxMMk1Y=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY9OKxgv3Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6f7hMS1XTyc9r1csuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0YpU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasU7r7i3Z6XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w+Ugo+b</latexit>

Z(2)
1

<latexit sha1_base64="8lgTC+3gYt9pwQVmqFgK5vKFOIM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY9eKxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6eHqMS1XTyc9r1csuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0YpU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasU7r7h3Z6XadRZHHo7gGMrgwQXU4Bbq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9t1o+C</latexit>

A(2)
1

• Circle: function 
evaluation

<latexit sha1_base64="VmE/6Hy5IAbRRIqwsvlCNSDoT78=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WvXisYD+gXUs2zbah2WRJZsWy7M/w4kERr/4ab/4b03YP2vpg4PHeDDPzglhwA6777RRWVtfWN4qbpa3tnd298v5By6hEU9akSijdCYhhgkvWBA6CdWLNSBQI1g7GN1O//ci04UrewyRmfkSGkoecErBS96mfRg9p1TvNsn654tbcGfAy8XJSQTka/fJXb6BoEjEJVBBjup 4bg58SDZwKlpV6iWExoWMyZF1LJYmY8dPZyRk+scoAh0rbkoBn6u+JlETGTKLAdkYERmbRm4r/ed0Ewis/5TJOgEk6XxQmAoPC0//xgGtGQUwsIVRzeyumI6IJBZtSyYbgLb68TFpnNe+i5t6dV+rXeRxFdISOURV56BLV0S1qoCaiSKFn9IreHHBenHfnY95acPKZQ/QHzucP5x2RAA==</latexit>xm(1)

<latexit sha1_base64="xY91iMFY1Vn6YwSSJR9zdO20uho=">AAAB+nicbZC7TsMwFIZPuJZyS2FksaiQylIlCARjBQtjkehFtKFyXKe16jiR7YCqkEdhYQAhVp6EjbfBbTNAyy9Z+vSfc3SOfz/mTGnH+baWlldW19YLG8XNre2dXbu011RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qa1FsPVCoWiVs9jqkX4oFgASNYG6tnl+7u04p7nPVSMYOsZ5edqjMVWgQ3hzLkqvfsr24/IklIhSYcK9VxnVh7KZaaEU6zYjdRNMZkhAe0Y1DgkCovnZ6eoSPj9FEQSfOERlP390SKQ6XGoW86Q6yHar42Mf+rdRIdXHgpE3GiqSCzRUHCkY7QJAfUZ5ISzccGMJHM3IrIEEtMtEmraEJw57+8CM2TqntWdW5Oy7XLPI4CHMAhVMCFc6jBNdShAQQe4Rle4c16sl6sd+tj1rpk5TP78EfW5w/00pMo</latexit>

Z(1)
n(1)

<latexit sha1_base64="rYy/z9tKV5d1JwATHp81EbAmrwE=">AAAB+nicbZC7TsMwFIZPuJZyS2FksaiQylIlCARjgYWxSPQitaFyXKe16jiR7YCqkEdhYQAhVp6EjbfBbTNAyy9Z+vSfc3SOfz/mTGnH+baWlldW19YLG8XNre2dXbu011RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qe1FsPVCoWiTs9jqkX4oFgASNYG6tnly7v04p7nPVSMYOsZ5edqjMVWgQ3hzLkqvfsr24/IklIhSYcK9VxnVh7KZaaEU6zYjdRNMZkhAe0Y1DgkCovnZ6eoSPj9FEQSfOERlP390SKQ6XGoW86Q6yHar42Mf+rdRIdXHgpE3GiqSCzRUHCkY7QJAfUZ5ISzccGMJHM3IrIEEtMtEmraEJw57+8CM2TqntWdW5Py7WrPI4CHMAhVMCFc6jBDdShAQQe4Rle4c16sl6sd+tj1rpk5TP78EfW5w/NXpMP</latexit>

A(1)
n(1)

• Forward vs. backward 
• A feed-forward neural 

network

<latexit sha1_base64="boqMADDZ8Z2hl0adKRdw4vfFEeU=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBASkLAbFAURol48hQjmAUlcZiezyZDZBzO9krDk6sVf8eJBEa/+gTf/xkmyB00saCiquunuckLBFZjmt7GwuLS8sppaS69vbG5tZ3Z2ayqIJGVVGohANhyimOA+qwIHwRqhZMRzBKs7/euxX39gUvHAv4NhyNoe6frc5ZSAluwMvryPc8X8CF/gFrABSC8ul0e5wTmuH+G6bebtTNYsmBPgeWIlJIsSVOzMV6sT0MhjPlBBlGpaZgjtmEjgVLBRuhUpFhLaJ13W1NQnHlPtePLJCB9qpYPdQOryAU/U3xMx8ZQaeo7u9Aj01Kw3Fv/zmhG4Z+2Y+2EEzKfTRW4kMAR4HAvucMkoiKEmhEqub8W0RyShoMNL6xCs2ZfnSa1YsE4K5u1xtnSVxJFC++gA5ZCFTlEJ3aAKqiKKHtEzekVvxpPxYrwbH9PWBSOZ2UN/YHz+ALCdl8c=</latexit>

A(2) = NN(x;W,W0)
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x1

<latexit sha1_base64="Zgso4r/5+qHuvA0cy8G5JHMuw8k=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEUG9FLx4r2g9oQ9lsN+3SzSbsTsQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IJHCoOt+O4WV1bX1jeJmaWt7Z3evvH/QNHGqGW+wWMa6HVDDpVC8gQIlbyea0yiQvBWMbqZ+65FrI2L1gOOE+xEdKBEKRtFK9089r1euuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophpd+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVb3z6tXdeaV2ncdRhCM4hlPw4AJqcAt1aACDATzDK7w50nlx3p2PeWvByWcO4Q+czx8PkI2s</latexit>

x2

<latexit sha1_base64="O76kjDC2rk5pOTxbQq6SNK3hW1I=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyGgHoLevEY0TwgWcLspDcZMju7zMyKIeQTvHhQxKtf5M2/cZLsQRMLGoqqbrq7gkRwbVz328mtrW9sbuW3Czu7e/sHxcOjpo5TxbDBYhGrdkA1Ci6xYbgR2E4U0igQ2ApGNzO/9YhK81g+mHGCfkQHkoecUWOl+6depVcsuWV3DrJKvIyUIEO9V/zq9mOWRigNE1Trjucmxp9QZTgTOC10U40JZSM6wI6lkkao/cn81Ck5s0qfhLGyJQ2Zq78nJjTSehwFtjOiZqiXvZn4n9dJTXjpT7hMUoOSLRaFqSAmJrO/SZ8rZEaMLaFMcXsrYUOqKDM2nYINwVt+eZU0K2WvWr66q5Zq11kceTiBUzgHDy6gBrdQhwYwGMAzvMKbI5wX5935WLTmnGzmGP7A+fwBERSNrQ==</latexit>

<latexit sha1_base64="QNX7duAJ2oSmDhyy8pSktqv2xZg=">AAAB/3icbVDLSgNBEJz1GeNrVfDiZTAIESTsiqLgJejFU4hgHpAsy+xkNhky+2CmVxLWHPwVLx4U8epvePNvnCR70MSChqKqm+4uLxZcgWV9GwuLS8srq7m1/PrG5ta2ubNbV1EiKavRSESy6RHFBA9ZDTgI1owlI4EnWMPr34z9xgOTikfhPQxj5gSkG3KfUwJacs39NrAByCCtVEbFwRVunOCGax27ZsEqWRPgeWJnpIAyVF3zq92JaBKwEKggSrVsKwYnJRI4FWyUbyeKxYT2SZe1NA1JwJSTTu4f4SOtdLAfSV0h4In6eyIlgVLDwNOdAYGemvXG4n9eKwH/0kl5GCfAQjpd5CcCQ4THYeAOl4yCGGpCqOT6Vkx7RBIKOrK8DsGefXme1E9L9nnJujsrlK+zOHLoAB2iIrLRBSqjW1RFNUTRI3pGr+jNeDJejHfjY9q6YGQze+gPjM8fCUiUzA==</latexit>

NN(x;W,W0)
Function graph representation

<latexit sha1_base64="boqMADDZ8Z2hl0adKRdw4vfFEeU=">AAACCXicbVDLSgNBEJz1GeMr6tHLYBASkLAbFAURol48hQjmAUlcZiezyZDZBzO9krDk6sVf8eJBEa/+gTf/xkmyB00saCiquunuckLBFZjmt7GwuLS8sppaS69vbG5tZ3Z2ayqIJGVVGohANhyimOA+qwIHwRqhZMRzBKs7/euxX39gUvHAv4NhyNoe6frc5ZSAluwMvryPc8X8CF/gFrABSC8ul0e5wTmuH+G6bebtTNYsmBPgeWIlJIsSVOzMV6sT0MhjPlBBlGpaZgjtmEjgVLBRuhUpFhLaJ13W1NQnHlPtePLJCB9qpYPdQOryAU/U3xMx8ZQaeo7u9Aj01Kw3Fv/zmhG4Z+2Y+2EEzKfTRW4kMAR4HAvucMkoiKEmhEqub8W0RyShoMNL6xCs2ZfnSa1YsE4K5u1xtnSVxJFC++gA5ZCFTlEJ3aAKqiKKHtEzekVvxpPxYrwbH9PWBSOZ2UN/YHz+ALCdl8c=</latexit>

A(2) = NN(x;W,W0)

• 1st layer: 
• 2nd layer:  
• Whole thing: 

<latexit sha1_base64="0IsJYDkD6myzkxuEvInxfa1KsdM=">AAACFXicbVBNS8MwGE7n15xfVY9egkPYUEYril6EqRePE9wHbHWkWbqFpU1JUnGU/gkv/hUvHhTxKnjz35i1Pej0gZAnz/O+vHkfN2RUKsv6Mgpz8wuLS8Xl0srq2vqGubnVkjwSmDQxZ1x0XCQJowFpKqoY6YSCIN9lpO2OL6d++44ISXlwoyYhcXw0DKhHMVJa6psH57dxxa4m8Ax6Gau007uneJjAe7gPs3fSt6p9s2zVrBTwL7FzUgY5Gn3zszfgOPJJoDBDUnZtK1ROjISimJGk1IskCREeoyHpahogn0gnTrdK4J5WBtDjQp9AwVT92REjX8qJ7+pKH6mRnPWm4n9eN1LeqRPTIIwUCXA2yIsYVBxOI4IDKghWbKIJwoLqv0I8QgJhpYMs6RDs2ZX/ktZhzT6uWddH5fpFHkcR7IBdUAE2OAF1cAUaoAkweABP4AW8Go/Gs/FmvGelBSPv2Qa/YHx8A1QSmys=</latexit>

A(1) = f (1)(W (1)>x+W (1)
0 )

<latexit sha1_base64="Vc+yI1MDRjOFU6JNUh6UCzB+CyI=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARWoQyUxTdCFU3LivYC7TjkEkzbWjmQpIRyjDv4cZXceNCEVeCC9/GzGWhrQdCPv7/HJLzOyGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29rggijkkHByzgfQcJwqhPOpJKRvohJ8hzGOk50+vU7z0QLmjg38lZSCwPjX3qUoykkmy9eXkf15r1BF5AN6daL7uHMggTmLqmco9hria2Ubf1qtEwsoKLYBZQBUW1bf1zOApw5BFfYoaEGJhGKK0YcUkxI0llGAkSIjxFYzJQ6COPCCvOdkvgkVJG0A24Or6Emfp7IkaeEDPPUZ0ekhMx76Xif94gku65FVM/jCTxcf6QGzEoA5gGBUeUEyzZTAHCnKq/QjxBHGGp4qyoEMz5lReh22yYpw3j9qTauiriKIMDcAhqwARnoAVuQBt0AAaP4Bm8gjftSXvR3rWPvLWkFTP74E9pXz8EWp0M</latexit>

A(2) = f (2)(W (2)>A(1) +W (2)
0 )

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4U zgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJ jkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>...

<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃

<latexit sha1_base64="mh5/sETdGTqQJQFHuyoHKyKXVq0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaWDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqzUCh+zinc26ZXKbtWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdI8r3qXVff+oly7yeMowDGcQAU8uIIa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx98fo8C</latexit>

f (1)

<latexit sha1_base64="mh5/sETdGTqQJQFHuyoHKyKXVq0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaWDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqzUCh+zinc26ZXKbtWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdI8r3qXVff+oly7yeMowDGcQAU8uIIa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx98fo8C</latexit>

f (1)

<latexit sha1_base64="mh5/sETdGTqQJQFHuyoHKyKXVq0=">AAAB7nicbVBNS8NAEJ34WetX1aOXxSLUS0lE0WPRi8cK9gPaWDbbSbt0swm7G6GE/ggvHhTx6u/x5r9x2+agrQ8GHu/NMDMvSATXxnW/nZXVtfWNzcJWcXtnd2+/dHDY1HGqGDZYLGLVDqhGwSU2DDcC24lCGgUCW8Hoduq3nlBpHssHM07Qj+hA8pAzaqzUCh+zinc26ZXKbtWdgSwTLydlyFHvlb66/ZilEUrDBNW647mJ8TOqDGcCJ8VuqjGhbEQH2LFU0gi1n83OnZBTq/RJGCtb0pCZ+nsio5HW4yiwnRE1Q73oTcX/vE5qwms/4zJJDUo2XxSmgpiYTH8nfa6QGTG2hDLF7a2EDamizNiEijYEb/HlZdI8r3qXVff+oly7yeMowDGcQAU8uIIa3EEdGsBgBM/wCm9O4rw4787HvHXFyWeO4A+czx98fo8C</latexit>

f (1)

<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>...
<latexit sha1_base64="B1pwU2JRVAB4dpn6t+NGyIzL2QQ=">AAAB7XicbVBNS8NAEJ3Ur1q/qh69BIvgqSSi6LHoxWMF+wFtKJvNpl272Q27k0Ip/Q9ePCji1f/jzX/jts1BWx8MPN6bYWZemApu0PO+ncLa+sbmVnG7tLO7t39QPjxqGpVpyhpUCaXbITFMcMkayFGwdqoZSULBWuHwbua3RkwbruQjjlMWJKQvecwpQSs1u6NIoemVK17Vm8NdJX5OKpCj3it/dSNFs4RJpIIY0/G9FIMJ0cipYNNSNzMsJXRI+qxjqSQJM8Fkfu3UPbNK5MZK25LoztXfExOSGDNOQtuZEByYZW8m/ud1MoxvggmXaYZM0sWiOBMuKnf2uhtxzSiKsSWEam5vdemAaELRBlSyIfjLL6+S5kXVv6p6D5eV2m0eRxFO4BTOwYdrqME91KEBFJ7gGV7hzVHOi/PufCxaC04+cwx/4Hz+AMzBj0Y=</latexit>...

<latexit sha1_base64="Fb3hi8hR2BWe0eDYkp+899mM8dA=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9eKxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6eHqMS17p5Oe1yuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4Ak6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLAheIsvL5PmWcU7r7h31VLtOosjD0dwDGXw4AJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wdsTo+B</latexit>

A(1)
1

<latexit sha1_base64="NcY6PJXe7Si37tBZSwua0cIZu3w=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY9eKxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6eHqMS17p5NetVcsuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0YpU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasU7r7h3Z6XadRZHHo7gGMrgwQXU4Bbq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9t0o+C</latexit>

A(1)
2

<latexit sha1_base64="lA5204msC4kXOAaHgu1RXU9jGE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquVPRY9OKxgv3Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6f7hMS17p5Oe1yuW3Io7A1omXkZKkKHeK351+xFJBJWGcKx1x3Nj46dYGUY4nRS6iaYxJiM8oB1LJRZU++ns4Ak6sUofhZGyJQ2aqb8nUiy0HovAdgpshnrRm4r/eZ3EhJd+ymScGCrJfFGYcGQiNP0e9ZmixPCxJZgoZm9FZIgVJsZmVLAheIsvL5PmWcU7r7i31VLtKosjD0dwDGXw4AJqcAN1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8weS+o+a</latexit>

Z(1)
1

<latexit sha1_base64="OdK+6FuUbDYpdkPhD3zTiNCyDqQ=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY9OKxgv3Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6f7hMS17p5NetVcsuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0YpU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasU7r7i3Z6XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w+Ufo+b</latexit>

Z(1)
2

<latexit sha1_base64="XQR7X0YH+SyaImQx9E361CjrIGs=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKosegF48RzQOSJcxOZpMx81hmZoWw5B+8eFDEq//jzb9xkuxBEwsaiqpuuruihDNjff/bK6ysrq1vFDdLW9s7u3vl/YOmUakmtEEUV7odYUM5k7RhmeW0nWiKRcRpKxrdTP3WE9WGKflgxwkNBR5IFjOCrZOa3Xs2ELhXrvhVfwa0TIKcVCBHvVf+6vYVSQWVlnBsTCfwExtmWFtGOJ2UuqmhCSYjPKAdRyUW1ITZ7NoJOnFKH8VKu5IWzdTfExkWxoxF5DoFtkOz6E3F/7xOauOrMGMySS2VZL4oTjmyCk1fR32mKbF87AgmmrlbERlijYl1AZVcCMHiy8ukeVYNLqr+3Xmldp3HUYQjOIZTCOASanALdWgAgUd4hld485T34r17H/PWgpfPHMIfeJ8/bLGPBw==</latexit>

⌃
<latexit sha1_base64="7+bboTMS14xgmBY6wy7SKdjOPHY=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3KHoMevEYwTwgiWF20psMmZ1dZmaFsOQjvHhQxKvf482/cZLsQRMLGoqqbrq7/FhwbVz328mtrW9sbuW3Czu7e/sHxcOjpo4SxbDBIhGptk81Ci6xYbgR2I4V0tAX2PLHtzO/9YRK80g+mEmMvZAOJQ84o8ZKreAxLVfPp/1iya24c5BV4mWkBBnq/eJXdxCxJERpmKBadzw3Nr2UKsOZwGmhm2iMKRvTIXYslTRE3Uvn507JmVUGJIiULWnIXP09kdJQ60no286QmpFe9mbif14nMcF1L+UyTgxKtlgUJIKYiMx+JwOukBkxsYQyxe2thI2ooszYhAo2BG/55VXSrFa8y4p7f1Gq3WRx5OEETqEMHlxBDe6gDg1gMIZneIU3J3ZenHfnY9Gac7KZY/gD5/MHfgSPAw==</latexit>

f (2)
<latexit sha1_base64="+6XaMJiu4Mf16JSceYhZKxMMk1Y=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY9OKxgv3Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Hrqt56o0iySd2YcU1/ggWQhI9hY6f7hMS1XTyc9r1csuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0YpU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasU7r7i3Z6XaVRZHHo7gGMrgwQXU4Abq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w+Ugo+b</latexit>

Z(2)
1

<latexit sha1_base64="8lgTC+3gYt9pwQVmqFgK5vKFOIM=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuUfRY9eKxgv2Qdi3ZNNuGJtklyQpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqt56o0iyS92YcU1/ggWQhI9hY6eHqMS1XTyc9r1csuRV3BrRMvIyUIEO9V/zq9iOSCCoN4VjrjufGxk+xMoxwOil0E01jTEZ4QDuWSiyo9tPZwRN0YpU+CiNlSxo0U39PpFhoPRaB7RTYDPWiNxX/8zqJCS/9lMk4MVSS+aIw4chEaPo96jNFieFjSzBRzN6KyBArTIzNqGBD8BZfXibNasU7r7h3Z6XadRZHHo7gGMrgwQXU4Bbq0AACAp7hFd4c5bw4787HvDXnZDOH8AfO5w9t1o+C</latexit>

A(2)
1

• Forward vs. backward 
• A feed-forward neural 

network 
• Fully connected

<latexit sha1_base64="VmE/6Hy5IAbRRIqwsvlCNSDoT78=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXFD0WvXisYD+gXUs2zbah2WRJZsWy7M/w4kERr/4ab/4b03YP2vpg4PHeDDPzglhwA6777RRWVtfWN4qbpa3tnd298v5By6hEU9akSijdCYhhgkvWBA6CdWLNSBQI1g7GN1O//ci04UrewyRmfkSGkoecErBS96mfRg9p1TvNsn654tbcGfAy8XJSQTka/fJXb6BoEjEJVBBjup 4bg58SDZwKlpV6iWExoWMyZF1LJYmY8dPZyRk+scoAh0rbkoBn6u+JlETGTKLAdkYERmbRm4r/ed0Ewis/5TJOgEk6XxQmAoPC0//xgGtGQUwsIVRzeyumI6IJBZtSyYbgLb68TFpnNe+i5t6dV+rXeRxFdISOURV56BLV0S1qoCaiSKFn9IreHHBenHfnY95acPKZQ/QHzucP5x2RAA==</latexit>xm(1)

<latexit sha1_base64="xY91iMFY1Vn6YwSSJR9zdO20uho=">AAAB+nicbZC7TsMwFIZPuJZyS2FksaiQylIlCARjBQtjkehFtKFyXKe16jiR7YCqkEdhYQAhVp6EjbfBbTNAyy9Z+vSfc3SOfz/mTGnH+baWlldW19YLG8XNre2dXbu011RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qa1FsPVCoWiVs9jqkX4oFgASNYG6tnl+7u04p7nPVSMYOsZ5edqjMVWgQ3hzLkqvfsr24/IklIhSYcK9VxnVh7KZaaEU6zYjdRNMZkhAe0Y1DgkCovnZ6eoSPj9FEQSfOERlP390SKQ6XGoW86Q6yHar42Mf+rdRIdXHgpE3GiqSCzRUHCkY7QJAfUZ5ISzccGMJHM3IrIEEtMtEmraEJw57+8CM2TqntWdW5Oy7XLPI4CHMAhVMCFc6jBNdShAQQe4Rle4c16sl6sd+tj1rpk5TP78EfW5w/00pMo</latexit>

Z(1)
n(1)

<latexit sha1_base64="rYy/z9tKV5d1JwATHp81EbAmrwE=">AAAB+nicbZC7TsMwFIZPuJZyS2FksaiQylIlCARjgYWxSPQitaFyXKe16jiR7YCqkEdhYQAhVp6EjbfBbTNAyy9Z+vSfc3SOfz/mTGnH+baWlldW19YLG8XNre2dXbu011RRIgltkIhHsu1jRTkTtKGZ5rQdS4pDn9OWP7qe1FsPVCoWiTs9jqkX4oFgASNYG6tnly7v04p7nPVSMYOsZ5edqjMVWgQ3hzLkqvfsr24/IklIhSYcK9VxnVh7KZaaEU6zYjdRNMZkhAe0Y1DgkCovnZ6eoSPj9FEQSfOERlP390SKQ6XGoW86Q6yHar42Mf+rdRIdXHgpE3GiqSCzRUHCkY7QJAfUZ5ISzccGMJHM3IrIEEtMtEmraEJw57+8CM2TqntWdW5Py7WrPI4CHMAhVMCFc6jBDdShAQQe4Rle4c16sl6sd+tj1rpk5TP78EfW5w/NXpMP</latexit>
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Problem setup
1. Choose a hypothesis class. E.g.,

2. Choose a loss. (E.g. for classification: 0-1 loss, 
asymmetric, NLL.) Set up an objective. 

3. Learn the parameters. E.g. gradient descent or SGD 
4. Predict on new data using these parameters

• 1st layer: 
• 2nd layer:

<latexit sha1_base64="0IsJYDkD6myzkxuEvInxfa1KsdM=">AAACFXicbVBNS8MwGE7n15xfVY9egkPYUEYril6EqRePE9wHbHWkWbqFpU1JUnGU/gkv/hUvHhTxKnjz35i1Pej0gZAnz/O+vHkfN2RUKsv6Mgpz8wuLS8Xl0srq2vqGubnVkjwSmDQxZ1x0XCQJowFpKqoY6YSCIN9lpO2OL6d++44ISXlwoyYhcXw0DKhHMVJa6psH57dxxa4m8Ax6Gau007uneJjAe7gPs3fSt6p9s2zVrBTwL7FzUgY5Gn3zszfgOPJJoDBDUnZtK1ROjISimJGk1IskCREeoyHpahogn0gnTrdK4J5WBtDjQp9AwVT92REjX8qJ7+pKH6mRnPWm4n9eN1LeqRPTIIwUCXA2yIsYVBxOI4IDKghWbKIJwoLqv0I8QgJhpYMs6RDs2ZX/ktZhzT6uWddH5fpFHkcR7IBdUAE2OAF1cAUaoAkweABP4AW8Go/Gs/FmvGelBSPv2Qa/YHx8A1QSmys=</latexit>

A(1) = f (1)(W (1)>x+W (1)
0 )

<latexit sha1_base64="Vc+yI1MDRjOFU6JNUh6UCzB+CyI=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARWoQyUxTdCFU3LivYC7TjkEkzbWjmQpIRyjDv4cZXceNCEVeCC9/GzGWhrQdCPv7/HJLzOyGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29rggijkkHByzgfQcJwqhPOpJKRvohJ8hzGOk50+vU7z0QLmjg38lZSCwPjX3qUoykkmy9eXkf15r1BF5AN6daL7uHMggTmLqmco9hria2Ubf1qtEwsoKLYBZQBUW1bf1zOApw5BFfYoaEGJhGKK0YcUkxI0llGAkSIjxFYzJQ6COPCCvOdkvgkVJG0A24Or6Emfp7IkaeEDPPUZ0ekhMx76Xif94gku65FVM/jCTxcf6QGzEoA5gGBUeUEyzZTAHCnKq/QjxBHGGp4qyoEMz5lReh22yYpw3j9qTauiriKIMDcAhqwARnoAVuQBt0AAaP4Bm8gjftSXvR3rWPvLWkFTP74E9pXz8EWp0M</latexit>

A(2) = f (2)(W (2)>A(1) +W (2)
0 )

<latexit sha1_base64="BnOWBeiZ8MA/ZoIXnXHhmJf4Z3Y=">AAACDnicbVDLSgNBEJyNrxhfqx69DIZABAm7oiiIEPTiKUQwD0iWZXYySYbMPpjplYQlX+DFX/HiQRGvnr35N06SPWhiQUNR1U13lxcJrsCyvo3M0vLK6lp2PbexubW9Y+7u1VUYS8pqNBShbHpEMcEDVgMOgjUjyYjvCdbwBjcTv/HApOJhcA+jiDk+6QW8yykBLblmoV8cXjaOccO1jjC+wm1gQ5B+UqmMtYFTxzXzVsmaAi8SOyV5lKLqml/tTkhjnwVABVGqZVsROAmRwKlg41w7ViwidEB6rKVpQHymnGT6zhgXtNLB3VDqCgBP1d8TCfGVGvme7vQJ9NW8NxH/81oxdC+chAdRDCygs0XdWGAI8SQb3OGSURAjTQiVXN+KaZ9IQkEnmNMh2PMvL5L6Sck+K1l3p/nydRpHFh2gQ1RENjpHZXSLqqiGKHpEz+gVvRlPxovxbnzMWjNGOrOP/sD4/AEM6Jj0</latexit>

h(x;W,W0) = NN(x;W,W0)

2

• # layer    inputs 
• # layer    outputs

<latexit sha1_base64="dntG0UZwWQ8aUNC+MvKJC4Un/TE=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BLx4jmAcmMcxOepMhs7PLzKwQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqHSPJL3ZhxjN6QDyQPOqLHSQ/iYljooxNmkVyi6ZXcGsky8jBQhQ61X+Or0I5aEKA0TVOu258amm1JlOBM4yXcSjTFlIzrAtqWShqi76eziCTm1Sp8EkbIlDZmpvydSGmo9Dn3bGVIz1IveVPzPaycmuOqmXMaJQcnmi4JEEBOR6fukzxUyI8aWUKa4vZWwIVWUGRtS3obgLb68TBrnZe+iXLmrFKvXWRw5OIYTKIEHl1CFW6hBHRhIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAi55CU</latexit>

m(`)<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`
<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`
<latexit sha1_base64="8aipu6ZjCDS53kgOrqPSZCx4dmA=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BLx4jmAcmMcxOepMhs7PLzKwQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqHSPJL3ZhxjN6QDyQPOqLHSg3xMSx0U4mzSKxTdsjsDWSZeRoqQodYrfHX6EUtClIYJqnXbc2PTTakynAmc5DuJxpiyER1g21JJQ9TddHbxhJxapU+CSNmShszU3xMpDbUeh77tDKkZ6kVvKv7ntRMTXHVTLuPEoGTzRUEiiInI9H3S5wqZEWNLKFPc3krYkCrKjA0pb0PwFl9eJo3zsndRrtxVitXrLI4cHMMJlMCDS6jCLdSgDgwkPMMrvDnaeXHenY9564qTzRzBHzifPyR0kJU=</latexit>

n(`)

      is NOT the 
number of 
data points

<latexit sha1_base64="8aipu6ZjCDS53kgOrqPSZCx4dmA=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BLx4jmAcmMcxOepMhs7PLzKwQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqHSPJL3ZhxjN6QDyQPOqLHSg3xMSx0U4mzSKxTdsjsDWSZeRoqQodYrfHX6EUtClIYJqnXbc2PTTakynAmc5DuJxpiyER1g21JJQ9TddHbxhJxapU+CSNmShszU3xMpDbUeh77tDKkZ6kVvKv7ntRMTXHVTLuPEoGTzRUEiiInI9H3S5wqZEWNLKFPc3krYkCrKjA0pb0PwFl9eJo3zsndRrtxVitXrLI4cHMMJlMCDS6jCLdSgDgwkPMMrvDnaeXHenY9564qTzRzBHzifPyR0kJU=</latexit>

n(`)



Problem setup
1. Choose a hypothesis class. E.g.,

2. Choose a loss. (E.g. for classification: 0-1 loss, 
asymmetric, NLL.) Set up an objective. 

3. Learn the parameters. E.g. gradient descent or SGD 
4. Predict on new data using these parameters
Issues:  
• What if I want to do regression or use NLL loss?  
• Derivatives (of loss with respect to parameters) are 

zero (or undefined) if we use step function activation 
• So (S)GD won’t do what we want 

• How to compute the derivatives in (S)GD?

• 1st layer: 
• 2nd layer:

<latexit sha1_base64="0IsJYDkD6myzkxuEvInxfa1KsdM=">AAACFXicbVBNS8MwGE7n15xfVY9egkPYUEYril6EqRePE9wHbHWkWbqFpU1JUnGU/gkv/hUvHhTxKnjz35i1Pej0gZAnz/O+vHkfN2RUKsv6Mgpz8wuLS8Xl0srq2vqGubnVkjwSmDQxZ1x0XCQJowFpKqoY6YSCIN9lpO2OL6d++44ISXlwoyYhcXw0DKhHMVJa6psH57dxxa4m8Ax6Gau007uneJjAe7gPs3fSt6p9s2zVrBTwL7FzUgY5Gn3zszfgOPJJoDBDUnZtK1ROjISimJGk1IskCREeoyHpahogn0gnTrdK4J5WBtDjQp9AwVT92REjX8qJ7+pKH6mRnPWm4n9eN1LeqRPTIIwUCXA2yIsYVBxOI4IDKghWbKIJwoLqv0I8QgJhpYMs6RDs2ZX/ktZhzT6uWddH5fpFHkcR7IBdUAE2OAF1cAUaoAkweABP4AW8Go/Gs/FmvGelBSPv2Qa/YHx8A1QSmys=</latexit>

A(1) = f (1)(W (1)>x+W (1)
0 )

<latexit sha1_base64="Vc+yI1MDRjOFU6JNUh6UCzB+CyI=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARWoQyUxTdCFU3LivYC7TjkEkzbWjmQpIRyjDv4cZXceNCEVeCC9/GzGWhrQdCPv7/HJLzOyGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29rggijkkHByzgfQcJwqhPOpJKRvohJ8hzGOk50+vU7z0QLmjg38lZSCwPjX3qUoykkmy9eXkf15r1BF5AN6daL7uHMggTmLqmco9hria2Ubf1qtEwsoKLYBZQBUW1bf1zOApw5BFfYoaEGJhGKK0YcUkxI0llGAkSIjxFYzJQ6COPCCvOdkvgkVJG0A24Or6Emfp7IkaeEDPPUZ0ekhMx76Xif94gku65FVM/jCTxcf6QGzEoA5gGBUeUEyzZTAHCnKq/QjxBHGGp4qyoEMz5lReh22yYpw3j9qTauiriKIMDcAhqwARnoAVuQBt0AAaP4Bm8gjftSXvR3rWPvLWkFTP74E9pXz8EWp0M</latexit>

A(2) = f (2)(W (2)>A(1) +W (2)
0 )

<latexit sha1_base64="BnOWBeiZ8MA/ZoIXnXHhmJf4Z3Y=">AAACDnicbVDLSgNBEJyNrxhfqx69DIZABAm7oiiIEPTiKUQwD0iWZXYySYbMPpjplYQlX+DFX/HiQRGvnr35N06SPWhiQUNR1U13lxcJrsCyvo3M0vLK6lp2PbexubW9Y+7u1VUYS8pqNBShbHpEMcEDVgMOgjUjyYjvCdbwBjcTv/HApOJhcA+jiDk+6QW8yykBLblmoV8cXjaOccO1jjC+wm1gQ5B+UqmMtYFTxzXzVsmaAi8SOyV5lKLqml/tTkhjnwVABVGqZVsROAmRwKlg41w7ViwidEB6rKVpQHymnGT6zhgXtNLB3VDqCgBP1d8TCfGVGvme7vQJ9NW8NxH/81oxdC+chAdRDCygs0XdWGAI8SQb3OGSURAjTQiVXN+KaZ9IQkEnmNMh2PMvL5L6Sck+K1l3p/nydRpHFh2gQ1RENjpHZXSLqqiGKHpEz+gVvRlPxovxbnzMWjNGOrOP/sD4/AEM6Jj0</latexit>

h(x;W,W0) = NN(x;W,W0)

2

• # layer    inputs 
• # layer    outputs

<latexit sha1_base64="dntG0UZwWQ8aUNC+MvKJC4Un/TE=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BLx4jmAcmMcxOepMhs7PLzKwQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqHSPJL3ZhxjN6QDyQPOqLHSQ/iYljooxNmkVyi6ZXcGsky8jBQhQ61X+Or0I5aEKA0TVOu258amm1JlOBM4yXcSjTFlIzrAtqWShqi76eziCTm1Sp8EkbIlDZmpvydSGmo9Dn3bGVIz1IveVPzPaycmuOqmXMaJQcnmi4JEEBOR6fukzxUyI8aWUKa4vZWwIVWUGRtS3obgLb68TBrnZe+iXLmrFKvXWRw5OIYTKIEHl1CFW6hBHRhIeIZXeHO08+K8Ox/z1hUnmzmCP3A+fwAi55CU</latexit>

m(`)<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`
<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`
<latexit sha1_base64="8aipu6ZjCDS53kgOrqPSZCx4dmA=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBDiJexKUI9BLx4jmAcmMcxOepMhs7PLzKwQlvyFFw+KePVvvPk3TpI9aGJBQ1HVTXeXHwuujet+Oyura+sbm7mt/PbO7t5+4eCwoaNEMayzSESq5VONgkusG24EtmKFNPQFNv3RzdRvPqHSPJL3ZhxjN6QDyQPOqLHSg3xMSx0U4mzSKxTdsjsDWSZeRoqQodYrfHX6EUtClIYJqnXbc2PTTakynAmc5DuJxpiyER1g21JJQ9TddHbxhJxapU+CSNmShszU3xMpDbUeh77tDKkZ6kVvKv7ntRMTXHVTLuPEoGTzRUEiiInI9H3S5wqZEWNLKFPc3krYkCrKjA0pb0PwFl9eJo3zsndRrtxVitXrLI4cHMMJlMCDS6jCLdSgDgwkPMMrvDnaeXHenY9564qTzRzBHzifPyR0kJU=</latexit>

n(`)



Different activation functions
1. Hypotheses

• What if I want to do regression? 
• What if I want to use NLL loss? 
• Need non-zero derivatives for (S)GD: Above &

• 1st layer: 
• 2nd layer:

<latexit sha1_base64="0IsJYDkD6myzkxuEvInxfa1KsdM=">AAACFXicbVBNS8MwGE7n15xfVY9egkPYUEYril6EqRePE9wHbHWkWbqFpU1JUnGU/gkv/hUvHhTxKnjz35i1Pej0gZAnz/O+vHkfN2RUKsv6Mgpz8wuLS8Xl0srq2vqGubnVkjwSmDQxZ1x0XCQJowFpKqoY6YSCIN9lpO2OL6d++44ISXlwoyYhcXw0DKhHMVJa6psH57dxxa4m8Ax6Gau007uneJjAe7gPs3fSt6p9s2zVrBTwL7FzUgY5Gn3zszfgOPJJoDBDUnZtK1ROjISimJGk1IskCREeoyHpahogn0gnTrdK4J5WBtDjQp9AwVT92REjX8qJ7+pKH6mRnPWm4n9eN1LeqRPTIIwUCXA2yIsYVBxOI4IDKghWbKIJwoLqv0I8QgJhpYMs6RDs2ZX/ktZhzT6uWddH5fpFHkcR7IBdUAE2OAF1cAUaoAkweABP4AW8Go/Gs/FmvGelBSPv2Qa/YHx8A1QSmys=</latexit>

A(1) = f (1)(W (1)>x+W (1)
0 )

<latexit sha1_base64="Vc+yI1MDRjOFU6JNUh6UCzB+CyI=">AAACG3icbZDLSgMxFIYz9VbrbdSlm2ARWoQyUxTdCFU3LivYC7TjkEkzbWjmQpIRyjDv4cZXceNCEVeCC9/GzGWhrQdCPv7/HJLzOyGjQhrGt1ZaWl5ZXSuvVzY2t7Z39N29rggijkkHByzgfQcJwqhPOpJKRvohJ8hzGOk50+vU7z0QLmjg38lZSCwPjX3qUoykkmy9eXkf15r1BF5AN6daL7uHMggTmLqmco9hria2Ubf1qtEwsoKLYBZQBUW1bf1zOApw5BFfYoaEGJhGKK0YcUkxI0llGAkSIjxFYzJQ6COPCCvOdkvgkVJG0A24Or6Emfp7IkaeEDPPUZ0ekhMx76Xif94gku65FVM/jCTxcf6QGzEoA5gGBUeUEyzZTAHCnKq/QjxBHGGp4qyoEMz5lReh22yYpw3j9qTauiriKIMDcAhqwARnoAVuQBt0AAaP4Bm8gjftSXvR3rWPvLWkFTP74E9pXz8EWp0M</latexit>

A(2) = f (2)(W (2)>A(1) +W (2)
0 )

<latexit sha1_base64="wOEZqzMTr3mqA5AYWiUzZHwbUMA=">AAAB9XicbVBNT8JAEJ3iF+IX6tHLRmICF9ISjV5MiF48YiIfCRSyXbawYbttdrcaaPgfXjxojFf/izf/jQv0oOBLJnl5byYz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2vdHtzG8+UqlYKB70OKJugAeC+YxgbaSu302KldK0OCmhazTp5Qt22Z4DrRInJQVIUevlvzr9kMQBFZpwrFTbsSPtJlhqRjid5jqxohEmIzygbUMFDqhyk/nVU3RmlD7yQ2lKaDRXf08kOFBqHHimM8B6qJa9mfif1461f+UmTESxpoIsFvkxRzpEswhQn0lKNB8bgolk5lZEhlhiok1QOROCs/zyKmlUys5F2b4/L1Rv0jiycAKnUAQHLqEKd1CDOhCQ8Ayv8GY9WS/Wu/WxaM1Y6cwx/IH1+QM/q5EL</latexit>

f (2)(z) = z
<latexit sha1_base64="JHcqVArZC8niSAS2D2IxByMgiTI=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEdpNmSmKboSiG5cV7AXaWjJppg3NZIYkI9SxC1/FjQtF3Poa7nwb03YW2vpD4OM/53BOfi/iTGnH+bYyS8srq2vZ9dzG5tb2jr27V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7ya1Bv3VCoWils9imgnwH3BfEawNlbXPvDvkkK5OC48FNEFaivWD7Dhrp13Ss5UaBHcFPKQqtq1v9q9kMQBFZpwrFTLdSLdSbDUjHA6zrVjRSNMhrhPWwYFDqjqJNP7x+jYOD3kh9I8odHU/T2R4ECpUeCZzgDrgZqvTcz/aq1Y++edhIko1lSQ2SI/5kiHaBIG6jFJieYjA5hIZm5FZIAlJtpEljMhuPNfXoR6ueSelpybk3zlMo0jC4dwBAVw4QwqcA1VqAGBR3iGV3iznqwX6936mLVmrHRmH/7I+vwBMwqUSg==</latexit>

f (2)(z) = �(z)

<latexit sha1_base64="MO4p3iNx/pUEu7OIxZAXMIzT2es=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevFYwX5Iu5Rsmm1Dk+ySZIW69Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aGn2VDg6tNpv1xxa24GtEy8nFQgR6Nf/uoNIpIIKg3hWOuu58bGT7EyjHA6LfUSTWNMxnhIu5ZKLKj20+zgKTqxygCFkbIlDcrU3xMpFlpPRGA7BTYjvejNxP+8bmLCKz9lMk4MlWS+KEw4MhGafY8GTFFi+MQSTBSztyIywgoTYzMq2RC8xZeXSeus5l3U3LvzSv06j6MIR3AMVfDgEupwCw1oAgEBz/AKb45yXpx352PeWnDymUP4A+fzB0hckBA=</latexit>

�(z)
<latexit sha1_base64="Yq8YWYMiDE53bWeEPG2YRFL/ovk=">AAAB+XicbVBNSwMxEM36WevXqkcvwSLUS9kVRY9FLx4r2A9ol5JNs21okl2S2WJd+k+8eFDEq//Em//GtN2Dtj4YeLw3w8y8MBHcgOd9Oyura+sbm4Wt4vbO7t6+e3DYMHGqKavTWMS6FRLDBFesDhwEayWaERkK1gyHt1O/OWLa8Fg9wDhhgSR9xSNOCVip67odYI+gZQZEDSblp7OuW/Iq3gx4mfg5KaEcta771enFNJVMARXEmLbvJRBkRAOngk2KndSwhNAh6bO2pYpIZoJsdvkEn1qlh6NY21KAZ+rviYxIY8YytJ2SwMAselPxP6+dQnQdZFwlKTBF54uiVGCI8TQG3OOaURBjSwjV3N6K6YBoQsGGVbQh+IsvL5PGecW/rHj3F6XqTR5HAR2jE1RGPrpCVXSHaqiOKBqhZ/SK3pzMeXHenY9564qTzxyhP3A+fwDGLJO9</latexit>

tanh(z)

<latexit sha1_base64="KIVnYvHE9EWBlkrr82GLGXETzWo=">AAAB+XicbVBNS8NAEN34WetX1KOXYBHqpSSi6LHoxYOHKqYttKFstpN26eaD3Umxhv4TLx4U8eo/8ea/cdvmoK0PBh7vzTAzz08EV2jb38bS8srq2npho7i5tb2za+7t11WcSgYui0Usmz5VIHgELnIU0Ewk0NAX0PAH1xO/MQSpeBw94CgBL6S9iAecUdRSxzTbCI8ow+webt1x+emkY5bsij2FtUicnJRIjlrH/Gp3Y5aGECETVKmWYyfoZVQiZwLGxXaqIKFsQHvQ0jSiISgvm14+to610rWCWOqK0JqqvycyGio1Cn3dGVLsq3lvIv7ntVIMLr2MR0mKELHZoiAVFsbWJAaryyUwFCNNKJNc32qxPpWUoQ6rqENw5l9eJPXTinNese/OStWrPI4COSRHpEwcckGq5IbUiEsYGZJn8krejMx4Md6Nj1nrkpHPHJA/MD5/AEaUk2o=</latexit>

ReLU(z)

<latexit sha1_base64="qfWcdewDgncsekbvhg47+Xcij98=">AAAB83icbVBNSwMxEJ2tX7V+VT16CRahvZRdUfQiFL14rGA/oF1LNs22odlsSLJCXfo3vHhQxKt/xpv/xrTdg7Y+GHi8N8PMvEBypo3rfju5ldW19Y38ZmFre2d3r7h/0NRxoghtkJjHqh1gTTkTtGGY4bQtFcVRwGkrGN1M/dYjVZrF4t6MJfUjPBAsZAQbK3XDh7TsVSblpwq66hVLbtWdAS0TLyMlyFDvFb+6/ZgkERWGcKx1x3Ol8VOsDCOcTgrdRFOJyQgPaMdSgSOq/XR28wSdWKWPwljZEgbN1N8TKY60HkeB7YywGepFbyr+53USE176KRMyMVSQ+aIw4cjEaBoA6jNFieFjSzBRzN6KyBArTIyNqWBD8BZfXibN06p3XnXvzkq16yyOPBzBMZTBgwuowS3UoQEEJDzDK7w5ifPivDsf89ack80cwh84nz8DxZBc</latexit>

f (1)(z) =

<latexit sha1_base64="BnOWBeiZ8MA/ZoIXnXHhmJf4Z3Y=">AAACDnicbVDLSgNBEJyNrxhfqx69DIZABAm7oiiIEPTiKUQwD0iWZXYySYbMPpjplYQlX+DFX/HiQRGvnr35N06SPWhiQUNR1U13lxcJrsCyvo3M0vLK6lp2PbexubW9Y+7u1VUYS8pqNBShbHpEMcEDVgMOgjUjyYjvCdbwBjcTv/HApOJhcA+jiDk+6QW8yykBLblmoV8cXjaOccO1jjC+wm1gQ5B+UqmMtYFTxzXzVsmaAi8SOyV5lKLqml/tTkhjnwVABVGqZVsROAmRwKlg41w7ViwidEB6rKVpQHymnGT6zhgXtNLB3VDqCgBP1d8TCfGVGvme7vQJ9NW8NxH/81oxdC+chAdRDCygs0XdWGAI8SQb3OGSURAjTQiVXN+KaZ9IQkEnmNMh2PMvL5L6Sck+K1l3p/nydRpHFh2gQ1RENjpHZXSLqqiGKHpEz+gVvRlPxovxbnzMWjNGOrOP/sD4/AEM6Jj0</latexit>

h(x;W,W0) = NN(x;W,W0)
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Choices of activation function
• 1st layer:

<latexit sha1_base64="ZaPcCw1rifX70iPj8eT4u7LeXXY=">AAACHXicbVDLSgMxFM34rPU16tJNsAgtQpmRim6EqhuXFewD2nHIpJk2NPMgyVjLMD/ixl9x40IRF27EvzGdmYW2Xgg5Oedcbu5xQkaFNIxvbWFxaXlltbBWXN/Y3NrWd3ZbIog4Jk0csIB3HCQIoz5pSioZ6YScIM9hpO2MrqZ6+55wQQP/Vk5CYnlo4FOXYiQVZeu1i7u4bFYSO6YJPIdu9iqP07sngzBTHuARHOdOo2LrJaNqpAXngZmDEsirYeufvX6AI4/4EjMkRNc0QmnFiEuKGUmKvUiQEOERGpCugj7yiLDidLsEHiqmD92Aq+NLmLK/O2LkCTHxHOX0kByKWW1K/qd1I+meWTH1w0gSH2eD3IhBGcBpVLBPOcGSTRRAmFP1V4iHiCMsVaBFFYI5u/I8aB1XzZOqcVMr1S/zOApgHxyAMjDBKaiDa9AATYDBI3gGr+BNe9JetHftI7MuaHnPHvhT2tcPxf+fOw==</latexit>

A(1)
i = f (1)(w(1)>

i x+ w(1)
0 )

<latexit sha1_base64="/3ky7iECAtkwLk7JNPagkzEWwfU=">AAACI3icbVDLSgMxFM34rPU16tJNsAgtQpkpiiIIVTcuK9gHtGPJpJk2NPMgyVjKMP/ixl9x40Ipblz4L2YeC229EHJyzrnc3GMHjAppGF/a0vLK6tp6YaO4ubW9s6vv7beEH3JMmthnPu/YSBBGPdKUVDLSCThBrs1I2x7fJnr7iXBBfe9BTgNiuWjoUYdiJBXV1y+vH6NyrRL3IxrDK+hkr/IkvXvSDzIlcZmVGJ7ASe43Kn29ZFSNtOAiMHNQAnk1+vqsN/Bx6BJPYoaE6JpGIK0IcUkxI3GxFwoSIDxGQ9JV0EMuEVaU7hjDY8UMoONzdTwJU/Z3R4RcIaaurZwukiMxryXkf1o3lM6FFVEvCCXxcDbICRmUPkwCgwPKCZZsqgDCnKq/QjxCHGGpYi2qEMz5lRdBq1Y1z6rG/WmpfpPHUQCH4AiUgQnOQR3cgQZoAgyewSt4Bx/ai/amzbTPzLqk5T0H4E9p3z+Md6Ec</latexit>

A(2)
i = f (2)(w(2)>

i A(1) + w(2)
0 )• 2nd layer:  

• Choose

• Choose

<latexit sha1_base64="aj7N43AReHKZanu6a2s1RMPZkE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevFYwX5Iu5Rsmm1Dk+ySZMWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aEXj1jfqz6d9ssVt+ZmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOat5Fzb07r9Sv8ziKcATHUAUPLqEOt9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwDjao/O</latexit>

�1(x)
<latexit sha1_base64="gCSosLIvxm2i6vHL9PCmfr/c2Ls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuqeix6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrF+tfx03i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhFd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteJdVNy7Wql+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QPk8Y/P</latexit>

�2(x)
<latexit sha1_base64="VR6ZFQKvDDsR3Jd0cdE8rmIj8TI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquVfRY9OKxgv2QdinZNNuGJtklyYpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqtx6p0iyS92YcU1/ggWQhI9hY6aEbD1mvWn467RVLbsWdAS0TLyMlyFDvFb+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28ASdWKWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwis/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtgQvMWXl0nzrOJdVNy781LtOosjD0dwDGXw4BJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wfmeI/Q</latexit>

�3(x)

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="2DbNemUOmaEZoD/b2j18jAXwj5w=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoOQgIRdURS8BL14ChFMNpDEMDuZTYbMPpjplYRlwYu/4sWDIl79CW/+jZPHQRMLGoqqbrq73EhwBZb1bSwsLi2vrGbWsusbm1vb5s5uTYWxpKxKQxHKuksUEzxgVeAgWD2SjPiuYI7bvx75zgOTiofBHQwj1vJJN+AepwS01Db3m8AGIP2kXE7zg0vsHGPnPslbhbTQNnNW0RoDzxN7SnJoikrb/Gp2Qhr7LAAqiFIN24qglRAJnAqWZpuxYhGhfdJlDU0D4jPVSsY/pPhIKx3shVJXAHis/p5IiK/U0Hd1p0+gp2a9kfif14jBu2glPIhiYAGdLPJigSHEo0Bwh0tGQQw1IVRyfSumPSIJBR1bVodgz748T2onRfusaN2e5kpX0zgy6AAdojyy0TkqoRtUQVVE0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP68Wljw=</latexit>

NN(x;W,W (0))

<latexit sha1_base64="k1R80GYIy2MalACKNRvu/EVT1L8=">AAACC3icbVDLSsNAFJ3UV62vqEs3Q4vQbkoiim6EohuXFewDmlgm00k7dDIJMxOhDdm78VfcuFDErT/gzr9x0mahrQcuHM65l3vv8SJGpbKsb6Owsrq2vlHcLG1t7+zumfsHbRnGApMWDlkouh6ShFFOWooqRrqRICjwGOl44+vM7zwQIWnI79QkIm6Ahpz6FCOlpb5Z9u+Tql1Lq9MavIROgNTI8xM7dZIpdIYEWk7aNytW3ZoBLhM7JxWQo9k3v5xBiOOAcIUZkrJnW5FyEyQUxYykJSeWJEJ4jIakpylHAZFuMvslhcdaGUA/FLq4gjP190SCAikngac7s2PlopeJ/3m9WPkXbkJ5FCvC8XyRHzOoQpgFAwdUEKzYRBOEBdW3QjxCAmGl4yvpEOzFl5dJ+6Run9Wt29NK4yqPowiOQBlUgQ3OQQPcgCZoAQwewTN4BW/Gk/FivBsf89aCkc8cgj8wPn8AMUiZQg==</latexit>

f (1)(z) = 1{z � 0}

<latexit sha1_base64="YbmFkW/FbDLQvphkOFM6kqgaef8=">AAACC3icbVDLSsNAFJ34rPUVdelmaBHaTUmKohuh6MZlBfuAJpbJdNIOnUzCzERoQ/Zu/BU3LhRx6w+482+ctFlo64ELh3Pu5d57vIhRqSzr21hZXVvf2CxsFbd3dvf2zYPDtgxjgUkLhywUXQ9JwignLUUVI91IEBR4jHS88XXmdx6IkDTkd2oSETdAQ059ipHSUt8s+fdJpV5NK9MqvIROgNTI8xM7dZIpdIYEWk7aN8tWzZoBLhM7J2WQo9k3v5xBiOOAcIUZkrJnW5FyEyQUxYykRSeWJEJ4jIakpylHAZFuMvslhSdaGUA/FLq4gjP190SCAikngac7s2PlopeJ/3m9WPkXbkJ5FCvC8XyRHzOoQpgFAwdUEKzYRBOEBdW3QjxCAmGl4yvqEOzFl5dJu16zz2rW7Wm5cZXHUQDHoAQqwAbnoAFuQBO0AAaP4Bm8gjfjyXgx3o2PeeuKkc8cgT8wPn8AMumZQw==</latexit>

f (2)(z) = 1{z � 0}
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Choices of activation function
• 1st layer:

<latexit sha1_base64="ZaPcCw1rifX70iPj8eT4u7LeXXY=">AAACHXicbVDLSgMxFM34rPU16tJNsAgtQpmRim6EqhuXFewD2nHIpJk2NPMgyVjLMD/ixl9x40IRF27EvzGdmYW2Xgg5Oedcbu5xQkaFNIxvbWFxaXlltbBWXN/Y3NrWd3ZbIog4Jk0csIB3HCQIoz5pSioZ6YScIM9hpO2MrqZ6+55wQQP/Vk5CYnlo4FOXYiQVZeu1i7u4bFYSO6YJPIdu9iqP07sngzBTHuARHOdOo2LrJaNqpAXngZmDEsirYeufvX6AI4/4EjMkRNc0QmnFiEuKGUmKvUiQEOERGpCugj7yiLDidLsEHiqmD92Aq+NLmLK/O2LkCTHxHOX0kByKWW1K/qd1I+meWTH1w0gSH2eD3IhBGcBpVLBPOcGSTRRAmFP1V4iHiCMsVaBFFYI5u/I8aB1XzZOqcVMr1S/zOApgHxyAMjDBKaiDa9AATYDBI3gGr+BNe9JetHftI7MuaHnPHvhT2tcPxf+fOw==</latexit>

A(1)
i = f (1)(w(1)>

i x+ w(1)
0 )

<latexit sha1_base64="/3ky7iECAtkwLk7JNPagkzEWwfU=">AAACI3icbVDLSgMxFM34rPU16tJNsAgtQpkpiiIIVTcuK9gHtGPJpJk2NPMgyVjKMP/ixl9x40Ipblz4L2YeC229EHJyzrnc3GMHjAppGF/a0vLK6tp6YaO4ubW9s6vv7beEH3JMmthnPu/YSBBGPdKUVDLSCThBrs1I2x7fJnr7iXBBfe9BTgNiuWjoUYdiJBXV1y+vH6NyrRL3IxrDK+hkr/IkvXvSDzIlcZmVGJ7ASe43Kn29ZFSNtOAiMHNQAnk1+vqsN/Bx6BJPYoaE6JpGIK0IcUkxI3GxFwoSIDxGQ9JV0EMuEVaU7hjDY8UMoONzdTwJU/Z3R4RcIaaurZwukiMxryXkf1o3lM6FFVEvCCXxcDbICRmUPkwCgwPKCZZsqgDCnKq/QjxCHGGpYi2qEMz5lRdBq1Y1z6rG/WmpfpPHUQCH4AiUgQnOQR3cgQZoAgyewSt4Bx/ai/amzbTPzLqk5T0H4E9p3z+Md6Ec</latexit>

A(2)
i = f (2)(w(2)>

i A(1) + w(2)
0 )• 2nd layer:  

• Choose

• Choose

<latexit sha1_base64="PDTW92JAsZlpJb88KQMOY2Ux/tI=">AAAB/3icbZDLSsNAFIZPvNZ6iwpu3AwWod2URBTdCEU3LivYC7SxTKaTduhkEmYmQo1d+CpuXCji1tdw59s4bbPQ1h8GPv5zDufM78ecKe0439bC4tLyympuLb++sbm1be/s1lWUSEJrJOKRbPpYUc4ErWmmOW3GkuLQ57ThD67G9cY9lYpF4lYPY+qFuCdYwAjWxurY+8FdWnRLo+JDCV2gtmK9EBvu2AWn7EyE5sHNoACZqh37q92NSBJSoQnHSrVcJ9ZeiqVmhNNRvp0oGmMywD3aMihwSJWXTu4foSPjdFEQSfOERhP390SKQ6WGoW86Q6z7arY2Nv+rtRIdnHspE3GiqSDTRUHCkY7QOAzUZZISzYcGMJHM3IpIH0tMtIksb0JwZ788D/Xjsntadm5OCpXLLI4cHMAhFMGFM6jANVShBgQe4Rle4c16sl6sd+tj2rpgZTN78EfW5w8xdZRJ</latexit>

f (1)(z) = �(z)

<latexit sha1_base64="wOEZqzMTr3mqA5AYWiUzZHwbUMA=">AAAB9XicbVBNT8JAEJ3iF+IX6tHLRmICF9ISjV5MiF48YiIfCRSyXbawYbttdrcaaPgfXjxojFf/izf/jQv0oOBLJnl5byYz87yIM6Vt+9vKrK1vbG5lt3M7u3v7B/nDo4YKY0lonYQ8lC0PK8qZoHXNNKetSFIceJw2vdHtzG8+UqlYKB70OKJugAeC+YxgbaSu302KldK0OCmhazTp5Qt22Z4DrRInJQVIUevlvzr9kMQBFZpwrFTbsSPtJlhqRjid5jqxohEmIzygbUMFDqhyk/nVU3RmlD7yQ2lKaDRXf08kOFBqHHimM8B6qJa9mfif1461f+UmTESxpoIsFvkxRzpEswhQn0lKNB8bgolk5lZEhlhiok1QOROCs/zyKmlUys5F2b4/L1Rv0jiycAKnUAQHLqEKd1CDOhCQ8Ayv8GY9WS/Wu/WxaM1Y6cwx/IH1+QM/q5EL</latexit>

f (2)(z) = z
<latexit sha1_base64="JHcqVArZC8niSAS2D2IxByMgiTI=">AAAB/3icbZDLSgMxFIbP1Futt1HBjZtgEdpNmSmKboSiG5cV7AXaWjJppg3NZIYkI9SxC1/FjQtF3Poa7nwb03YW2vpD4OM/53BOfi/iTGnH+bYyS8srq2vZ9dzG5tb2jr27V1dhLAmtkZCHsulhRTkTtKaZ5rQZSYoDj9OGN7ya1Bv3VCoWils9imgnwH3BfEawNlbXPvDvkkK5OC48FNEFaivWD7Dhrp13Ss5UaBHcFPKQqtq1v9q9kMQBFZpwrFTLdSLdSbDUjHA6zrVjRSNMhrhPWwYFDqjqJNP7x+jYOD3kh9I8odHU/T2R4ECpUeCZzgDrgZqvTcz/aq1Y++edhIko1lSQ2SI/5kiHaBIG6jFJieYjA5hIZm5FZIAlJtpEljMhuPNfXoR6ueSelpybk3zlMo0jC4dwBAVw4QwqcA1VqAGBR3iGV3iznqwX6936mLVmrHRmH/7I+vwBMwqUSg==</latexit>

f (2)(z) = �(z)

<latexit sha1_base64="aj7N43AReHKZanu6a2s1RMPZkE8=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquKHosevFYwX5Iu5Rsmm1Dk+ySZMWy9Fd48aCIV3+ON/+N6XYP2vpg4PHeDDPzgpgzbVz32ymsrK6tbxQ3S1vbO7t75f2Dlo4SRWiTRDxSnQBrypmkTcMMp51YUSwCTtvB+Gbmtx+p0iyS92YSU1/goWQhI9hY6aEXj1jfqz6d9ssVt+ZmQMvEy0kFcjT65a/eICKJoNIQjrXuem5s/BQrwwin01Iv0TTGZIyHtGupxIJqP80OnqITqwxQGClb0qBM/T2RYqH1RAS2U2Az0oveTPzP6yYmvPJTJuPEUEnmi8KEIxOh2fdowBQlhk8swUQxeysiI6wwMTajkg3BW3x5mbTOat5Fzb07r9Sv8ziKcATHUAUPLqEOt9CAJhAQ8Ayv8OYo58V5dz7mrQUnnzmEP3A+fwDjao/O</latexit>

�1(x)
<latexit sha1_base64="gCSosLIvxm2i6vHL9PCmfr/c2Ls=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXspuqeix6MVjBfsh7VKyabYNTbJLkhXL0l/hxYMiXv053vw3pu0etPXBwOO9GWbmBTFn2rjut5NbW9/Y3MpvF3Z29/YPiodHLR0litAmiXikOgHWlDNJm4YZTjuxolgEnLaD8c3Mbz9SpVkk780kpr7AQ8lCRrCx0kMvHrF+tfx03i+W3Io7B1olXkZKkKHRL371BhFJBJWGcKx113Nj46dYGUY4nRZ6iaYxJmM8pF1LJRZU++n84Ck6s8oAhZGyJQ2aq78nUiy0nojAdgpsRnrZm4n/ed3EhFd+ymScGCrJYlGYcGQiNPseDZiixPCJJZgoZm9FZIQVJsZmVLAheMsvr5JWteJdVNy7Wql+ncWRhxM4hTJ4cAl1uIUGNIGAgGd4hTdHOS/Ou/OxaM052cwx/IHz+QPk8Y/P</latexit>

�2(x)
<latexit sha1_base64="VR6ZFQKvDDsR3Jd0cdE8rmIj8TI=">AAAB8HicbVBNSwMxEJ2tX7V+VT16CRahXsquVfRY9OKxgv2QdinZNNuGJtklyYpl6a/w4kERr/4cb/4b03YP2vpg4PHeDDPzgpgzbVz328mtrK6tb+Q3C1vbO7t7xf2Dpo4SRWiDRDxS7QBrypmkDcMMp+1YUSwCTlvB6Gbqtx6p0iyS92YcU1/ggWQhI9hY6aEbD1mvWn467RVLbsWdAS0TLyMlyFDvFb+6/YgkgkpDONa647mx8VOsDCOcTgrdRNMYkxEe0I6lEguq/XR28ASdWKWPwkjZkgbN1N8TKRZaj0VgOwU2Q73oTcX/vE5iwis/ZTJODJVkvihMODIRmn6P+kxRYvjYEkwUs7ciMsQKE2MzKtgQvMWXl0nzrOJdVNy781LtOosjD0dwDGXw4BJqcAt1aAABAc/wCm+Ocl6cd+dj3ppzsplD+APn8wfmeI/Q</latexit>

�3(x)

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1
<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

<latexit sha1_base64="2DbNemUOmaEZoD/b2j18jAXwj5w=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoOQgIRdURS8BL14ChFMNpDEMDuZTYbMPpjplYRlwYu/4sWDIl79CW/+jZPHQRMLGoqqbrq73EhwBZb1bSwsLi2vrGbWsusbm1vb5s5uTYWxpKxKQxHKuksUEzxgVeAgWD2SjPiuYI7bvx75zgOTiofBHQwj1vJJN+AepwS01Db3m8AGIP2kXE7zg0vsHGPnPslbhbTQNnNW0RoDzxN7SnJoikrb/Gp2Qhr7LAAqiFIN24qglRAJnAqWZpuxYhGhfdJlDU0D4jPVSsY/pPhIKx3shVJXAHis/p5IiK/U0Hd1p0+gp2a9kfif14jBu2glPIhiYAGdLPJigSHEo0Bwh0tGQQw1IVRyfSumPSIJBR1bVodgz748T2onRfusaN2e5kpX0zgy6AAdojyy0TkqoRtUQVVE0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP68Wljw=</latexit>

NN(x;W,W (0))
<latexit sha1_base64="2DbNemUOmaEZoD/b2j18jAXwj5w=">AAACA3icbVDLSgNBEJz1GeNr1ZteBoOQgIRdURS8BL14ChFMNpDEMDuZTYbMPpjplYRlwYu/4sWDIl79CW/+jZPHQRMLGoqqbrq73EhwBZb1bSwsLi2vrGbWsusbm1vb5s5uTYWxpKxKQxHKuksUEzxgVeAgWD2SjPiuYI7bvx75zgOTiofBHQwj1vJJN+AepwS01Db3m8AGIP2kXE7zg0vsHGPnPslbhbTQNnNW0RoDzxN7SnJoikrb/Gp2Qhr7LAAqiFIN24qglRAJnAqWZpuxYhGhfdJlDU0D4jPVSsY/pPhIKx3shVJXAHis/p5IiK/U0Hd1p0+gp2a9kfif14jBu2glPIhiYAGdLPJigSHEo0Bwh0tGQQw1IVRyfSumPSIJBR1bVodgz748T2onRfusaN2e5kpX0zgy6AAdojyy0TkqoRtUQVVE0SN6Rq/ozXgyXox342PSumBMZ/bQHxifP68Wljw=</latexit>

NN(x;W,W (0))

<latexit sha1_base64="ZXSuBGkmMKn4rpnM6x5dT2R25j4=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KklR9Fj04rGi/YA2lM120y7dbMLuRCyhP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LRzdRvPXJtRKwecJxwP6IDJULBKFrp/qlX7ZXKbsWdgSwTLydlyFHvlb66/ZilEVfIJDWm47kJ+hnVKJjkk2I3NTyhbEQHvGOpohE3fjY7dUJOrdInYaxtKSQz9fdERiNjxlFgOyOKQ7PoTcX/vE6K4ZWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tO0YbgLb68TJrVindRce/Oy7XrPI4CHMMJnIEHl1CDW6hDAxgM4Ble4c2Rzovz7nzMW1ecfOYI/sD5/AEOho2l</latexit>x2

<latexit sha1_base64="AtJtjzw5Di51mrbGp6Uv55+E150=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa6f+p5vXLFrbozkGXi5aQCOeq98le3H7M0QmmYoFp3PDcxfkaV4UzgpNRNNSaUjegAO5ZKGqH2s9mpE3JilT4JY2VLGjJTf09kNNJ6HAW2M6JmqBe9qfif10lNeOVnXCapQcnmi8JUEBOT6d+kzxUyI8aWUKa4vZWwIVWUGZtOyYbgLb68TJpnVe+i6t6dV2rXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnBfn3fmYtxacfOYQ/sD5/AENAo2k</latexit>x1

• Choose

precipitation

temperature

How much 
will I dislike 

running 
today?

precipitation

temperature

Probability that I 
won’t run today

4



Derivatives: Notation
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• Objective:

<latexit sha1_base64="exga4Dhmyn+Gj2RamjiiOyzi48Y=">AAAB+HicbVBNSwMxEM3Wr1o/uurRS7AInsquFPVY9OKxgv2AdlmyadqGJtklmRXr0l/ixYMiXv0p3vw3pu0etPXBwOO9GWbmRYngBjzv2ymsrW9sbhW3Szu7e/tl9+CwZeJUU9aksYh1JyKGCa5YEzgI1kk0IzISrB2Nb2Z++4Fpw2N1D5OEBZIMFR9wSsBKoVvuAXsELTMRGzMNeehWvKo3B14lfk4qKEcjdL96/ZimkimgghjT9b0Egoxo4FSwaamXGpYQOiZD1rVUEclMkM0Pn+JTq/TxINa2FOC5+nsiI9KYiYxspyQwMsveTPzP66YwuAoyrpIUmKKLRYNUYIjxLAXc55pREBNLCNXc3orpiGhCwWZVsiH4yy+vktZ51b+o1u5qlfp1HkcRHaMTdIZ8dInq6BY1UBNRlKJn9IrenCfnxXl3PhatBSefOUJ/4Hz+ALmyk8s=</latexit>

lossi

• For SGD, we’ll want derivatives of lossi w.r.t. parameters
• Convention: for    of size          and    of size   <latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u

is the (scalar) partial derivative of    w.r.t.
<latexit sha1_base64="TXxGa+SuR0IGHYi+6YG+ReGg8rE=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFd1Roq6LLpxWcFeoB1KJs20oZnMkGQKZSj4Km5cKOLW53Dn25hpB9HWA4GP/z8nOfn9mDOlHefLKqysrq1vFDdLW9s7u3v2/kFTRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oNvNbYyoVi8SDnsTUC/FAsIARrI3Us4+6MZaaYY7G5z+Y9OyyU3FmhZbBzaEMedV79me3H5EkpEITjpXquE6svTS7j3A6LXUTRWNMRnhAOwYFDqny0tn6U3RqlD4KImmO0Gim/p5IcajUJPRNZ4j1UC16mfif10l0cO2lTMSJpoLMHwoSjnSEsixQn0lKNJ8YwEQysysiQywx0SaxkgnBXfzyMjQvKu5lpXpfLddu8jiKcAwncAYuXEEN7qAODSCQwhO8wKv1aD1bb9b7vLVg5TOH8Kesj2/iIpVy</latexit>

@v/@u

<latexit sha1_base64="nGwsnU1yKGzniEehStetFO+i9QE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETcEK9frrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYraNX42v3hKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrP3yUBozlBOLKFMC3srYSOqKUMbUsmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ASliQBw==</latexit>

1⇥ 1

• Example: 
<latexit sha1_base64="MNj5uGZYPu1dEXJF99d0OmndwH4=">AAACGXicbVDLSgMxFM3UV62vUZdugkWoIHVGirosunFZwT6gHYdMmmlDMw+SO2IZ5jfc+CtuXCjiUlf+jekD0dYDFw7n3Jvce7xYcAWW9WXkFhaXllfyq4W19Y3NLXN7p6GiRFJWp5GIZMsjigkesjpwEKwVS0YCT7CmN7gc+c07JhWPwhsYxswJSC/kPqcEtOSaVicmEjgRuAPsHmSQikipzOX4+Mdp3qYl+zBzU/vIzlyzaJWtMfA8saekiKaoueZHpxvRJGAhUEGUattWDE46epsKlhU6iWIxoQPSY21NQxIw5aTjyzJ8oJUu9iOpKwQ8Vn9PpCRQahh4ujMg0Fez3kj8z2sn4J87KQ/jBFhIJx/5icAQ4VFMuMsloyCGmhAqud4V0z6RhIIOs6BDsGdPnieNk7J9Wq5cV4rVi2kcebSH9lEJ2egMVdEVqqE6ougBPaEX9Go8Gs/Gm/E+ac0Z05ld9AfG5zcPAaBK</latexit>

@lossi/@W
(1)
1,1

• Convention: for    of size          and    of size   <latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="lQWPD+EUV1dA/ah7phrWPf0/+Yw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj0EPheKGeP1yxa26c5BV4uWkAjka/fJXbxCzVPEImaTGdD03QT+jGgWTfFrqpYYnlI3pkHctjahd42fzg6fkzCoDEsbaVoRkrv6eyKgyZqIC26kojsyyNxP/87ophtd+JqIkRR6xxaIwlQRjMvueDITmDOXEEsq0sLcSNqKaMrQZlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDBc/wCm+Odl6cd+dj0Vpw8plj+APn8wc/f5AO</latexit>

b⇥ 1
is a vector of size          with    th entry

<latexit sha1_base64="TXxGa+SuR0IGHYi+6YG+ReGg8rE=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFd1Roq6LLpxWcFeoB1KJs20oZnMkGQKZSj4Km5cKOLW53Dn25hpB9HWA4GP/z8nOfn9mDOlHefLKqysrq1vFDdLW9s7u3v2/kFTRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oNvNbYyoVi8SDnsTUC/FAsIARrI3Us4+6MZaaYY7G5z+Y9OyyU3FmhZbBzaEMedV79me3H5EkpEITjpXquE6svTS7j3A6LXUTRWNMRnhAOwYFDqny0tn6U3RqlD4KImmO0Gim/p5IcajUJPRNZ4j1UC16mfif10l0cO2lTMSJpoLMHwoSjnSEsixQn0lKNJ8YwEQysysiQywx0SaxkgnBXfzyMjQvKu5lpXpfLddu8jiKcAwncAYuXEEN7qAODSCQwhO8wKv1aD1bb9b7vLVg5TOH8Kesj2/iIpVy</latexit>

@v/@u

<latexit sha1_base64="nGwsnU1yKGzniEehStetFO+i9QE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETcEK9frrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYraNX42v3hKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrP3yUBozlBOLKFMC3srYSOqKUMbUsmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ASliQBw==</latexit>

1⇥ 1
<latexit sha1_base64="J1uQWrtcnsX/I/yErpAoqTrLJAM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx4D0UETcEK9frrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYraNX42v3hKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrP3yUBozlBOLKFMC3srYSOqKUMbUsmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8AllWQOA==</latexit>

b⇥ 1
<latexit sha1_base64="Fnwhd7Ta5Tw0dHaaWO+17yDDvLg=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLA7OxmZtaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAXj+7nfekKleSwfzSRBP6IDyUPOqLFSfdQrltyyuwBZJ15GSpCh1it+dfsxSyOUhgmqdcdzE+NPqTKcCZwVuqnGhLIxHWDHUkkj1P50ceiMXFilT8JY2ZKGLNTfE1MaaT2JAtsZUTPUq95c/M/rpCa89adcJqlByZaLwlQQE5P516TPFTIjJpZQpri9lbAhVZQZm03BhuCtvrxOmldl77pcqVdK1bssjjycwTlcggc3UIUHqEEDGCA8wyu8OSPnxXl3PpatOSebOYU/cD5/ANPvjPc=</latexit>

j
<latexit sha1_base64="KQ8gCwRPGl5r/nQjskNDW6Xqi9c=">AAACAnicbVDLSgMxFL1TX7W+Rl2Jm2ARXNUZKeqy6MZlBfuAdhgyaaaNzTxIMoUyFDf+ihsXirj1K9z5N2baQbT1QODknHtvco8XcyaVZX0ZhaXlldW14nppY3Nre8fc3WvKKBGENkjEI9H2sKSchbShmOK0HQuKA4/Tlje8zvzWiArJovBOjWPqBLgfMp8RrLTkmgfdGAvFMEcjdIp+Lol775plq2JNgRaJnZMy5Ki75me3F5EkoKEiHEvZsa1YOWk2kXA6KXUTSWNMhrhPO5qGOKDSSacrTNCxVnrIj4Q+oUJT9XdHigMpx4GnKwOsBnLey8T/vE6i/EsnZWGcKBqS2UN+wpGKUJYH6jFBieJjTTARTP8VkQEWmCidWkmHYM+vvEiaZxX7vFK9rZZrV3kcRTiEIzgBGy6gBjdQhwYQeIAneIFX49F4Nt6M91lpwch79uEPjI9vJA+Wow==</latexit>

@v/@uj

<latexit sha1_base64="nGwsnU1yKGzniEehStetFO+i9QE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETcEK9frrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYraNX42v3hKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrP3yUBozlBOLKFMC3srYSOqKUMbUsmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ASliQBw==</latexit>

1⇥ 1

1x1 1x1
1x1

• Example: 
<latexit sha1_base64="YUZOet6LkgQEgZjI2N20rwwJllg=">AAACFnicbVDLSgMxFM3UV62vqks3wSLUhXVGirosunFZwT6gU4dMmrahycyQ3BHL0K9w46+4caGIW3Hn35hpi2jrgQuHc+5N7j1+JLgG2/6yMguLS8sr2dXc2vrG5lZ+e6euw1hRVqOhCFXTJ5oJHrAacBCsGSlGpC9Ywx9cpn7jjinNw+AGhhFrS9ILeJdTAkby8kduRBRwIrAL7B6UTESo9cjj+Bj/WI3bpOgcjjzbyxfskj0GnifOlBTQFFUv/+l2QhpLFgAVROuWY0fQTtJ3qWCjnBtrFhE6ID3WMjQgkul2Mj5rhA+M0sHdUJkKAI/V3xMJkVoPpW86JYG+nvVS8T+vFUP3vJ3wIIqBBXTyUTcWGEKcZoQ7XDEKYmgIoYqbXTHtE0UomCRzJgRn9uR5Uj8pOael8nW5ULmYxpFFe2gfFZGDzlAFXaEqqiGKHtATekGv1qP1bL1Z75PWjDWd2UV/YH18A5GWnvY=</latexit>

@lossi/@W
(1)
01x1 n1x1

n1x1
<latexit sha1_base64="WWy6ANlhX+HGPsT2BsjvCMIhs/E=">AAACDXicbVDLSsNAFJ34rPUVdelmsAp1UxIp6kYounFZwT6gqWEynbZDJ5MwcyOWkB9w46+4caGIW/fu/Bunj4W2HrhwOOde7r0niAXX4Djf1sLi0vLKam4tv76xubVt7+zWdZQoymo0EpFqBkQzwSWrAQfBmrFiJAwEawSDq5HfuGdK80jewjBm7ZD0JO9ySsBIvn14gT1JAkH8tHGXFt3jzHcy7AF7ABWmItI687lvF5ySMwaeJ+6UFNAUVd/+8joRTUImgQqidct1YminRAGngmV5L9EsJnRAeqxlqCQh0+10/E2Gj4zSwd1ImZKAx+rviZSEWg/DwHSGBPp61huJ/3mtBLrn7ZTLOAEm6WRRNxEYIjyKBne4YhTE0BBCFTe3YtonilAwAeZNCO7sy/OkflJyT0vlm3KhcjmNI4f20QEqIhedoQq6RlVUQxQ9omf0it6sJ+vFerc+Jq0L1nRmD/2B9fkD9AabiQ==</latexit>

= r
W (1)

0
lossi

• Convention: for    of size          and    of size   <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
<latexit sha1_base64="vFQgl3WXIVFVoY/F5DOv3cjPo+8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR0Z6KCJuiNcvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkXtGj+bXzwlZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9n7ZCA0ZygnllCmhb2VsBHVlKENqWRD8JZfXiWti6p3Wa3d1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz+X4pA5</latexit>

c⇥ 1
<latexit sha1_base64="lQWPD+EUV1dA/ah7phrWPf0/+Yw=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj0EPheKGeP1yxa26c5BV4uWkAjka/fJXbxCzVPEImaTGdD03QT+jGgWTfFrqpYYnlI3pkHctjahd42fzg6fkzCoDEsbaVoRkrv6eyKgyZqIC26kojsyyNxP/87ophtd+JqIkRR6xxaIwlQRjMvueDITmDOXEEsq0sLcSNqKaMrQZlWwI3vLLq6R1UfUuq7X7WqV+k8dRhBM4hXPw4ArqcAcNaAIDBc/wCm+Odl6cd+dj0Vpw8plj+APn8wc/f5AO</latexit>

b⇥ 1
is a matrix of size          with          entry

<latexit sha1_base64="rDbkAHvYFc0oNE6rkWabFRbP9NI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx4D0UETcENYvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkXtGj+bXzwlZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9n7ZCA0ZygnllCmhb2VsBHVlKENqWRD8JZfXiWti6p3Wa3d1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz/iHZBq</latexit>

b⇥ c
<latexit sha1_base64="/9gB524CtlJ5DZdrnBc9VvlwrzE=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqCglEVGXQTcuK5i20IYymU7asZNJmJkIofQZ3HShiFsfyF3fxulloa0/DHz8/znMOSdIOFPatidWbm19Y3Mrv13Y2d3bPygeHtVVnEpCPRLzWDYDrChngnqaaU6biaQ4CjhtBIP7ad54oVKxWDzpLKF+hHuChYxgbSyv8nwxOOsUy3bVngmtgrOAsltqn48nblbrFL/b3ZikERWacKxUy7ET7Q+x1IxwOiq0U0UTTAa4R1sGBY6o8oezYUfo1DhdFMbSPKHRzP3dMcSRUlkUmMoI675azqbmf1kr1eGtP2QiSTUVZP5RmHKkYzTdHHWZpETzzAAmkplZEeljiYk29ymYIzjLK69C/bLqXFevHp2yewdz5eEESlABB27AhQeogQcEGLzCG7xbwhpbH9bnvDRnLXqO4Y+srx/k45ET</latexit>

(j, k)
<latexit sha1_base64="TXxGa+SuR0IGHYi+6YG+ReGg8rE=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFd1Roq6LLpxWcFeoB1KJs20oZnMkGQKZSj4Km5cKOLW53Dn25hpB9HWA4GP/z8nOfn9mDOlHefLKqysrq1vFDdLW9s7u3v2/kFTRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oNvNbYyoVi8SDnsTUC/FAsIARrI3Us4+6MZaaYY7G5z+Y9OyyU3FmhZbBzaEMedV79me3H5EkpEITjpXquE6svTS7j3A6LXUTRWNMRnhAOwYFDqny0tn6U3RqlD4KImmO0Gim/p5IcajUJPRNZ4j1UC16mfif10l0cO2lTMSJpoLMHwoSjnSEsixQn0lKNJ8YwEQysysiQywx0SaxkgnBXfzyMjQvKu5lpXpfLddu8jiKcAwncAYuXEEN7qAODSCQwhO8wKv1aD1bb9b7vLVg5TOH8Kesj2/iIpVy</latexit>

@v/@u
<latexit sha1_base64="I9WJJ62ULlPfaPoGjmCq1nGPiHw=">AAACBHicbVDLSgMxFL1TX7W+Rl12EyyCqzojRV0W3bisYB/QDkMmzbSxmQdJplCGLtz4K25cKOLWj3Dn35hpB9HWA4GTc+69yT1ezJlUlvVlFFZW19Y3ipulre2d3T1z/6Alo0QQ2iQRj0THw5JyFtKmYorTTiwoDjxO297oOvPbYyoki8I7NYmpE+BByHxGsNKSa5Z7MRaKYY7G7gidop9r4t67ZsWqWjOgZWLnpAI5Gq752etHJAloqAjHUnZtK1ZOmk0knE5LvUTSGJMRHtCupiEOqHTS2RJTdKyVPvIjoU+o0Ez93ZHiQMpJ4OnKAKuhXPQy8T+vmyj/0klZGCeKhmT+kJ9wpCKUJYL6TFCi+EQTTATTf0VkiAUmSudW0iHYiysvk9ZZ1T6v1m5rlfpVHkcRynAEJ2DDBdThBhrQBAIP8AQv8Go8Gs/Gm/E+Ly0Yec8h/IHx8Q20oZeB</latexit>

@vk/@uj

<latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v

• Example: 
<latexit sha1_base64="X59G7v/bX4gSLHPn7B5PW//+VZM=">AAACDHicbVDLTgIxFL2DL8QX6tJNIzHBDc4Yoi5RNy4xkUeEkXRKBxo6nUnbMSETPsCNv+LGhca49QPc+Td2gBgFT9Lk5Jxz297jRZwpbdtfVmZhcWl5JbuaW1vf2NzKb+/UVRhLQmsk5KFselhRzgStaaY5bUaS4sDjtOENLlO/cU+lYqG40cOIugHuCeYzgrWROvlCO8JSM8zR+V1SdA5H6Aj9SLcTyaTskj0GmifOlBRgimon/9nuhiQOqNCEY6Vajh1pN0lvJZyOcu1Y0QiTAe7RlqECB1S5yXiZETowShf5oTRHaDRWf08kOFBqGHgmGWDdV7NeKv7ntWLtn7kJE1GsqSCTh/yYIx2itBnUZZISzYeGYCKZ+SsifSwx0aa/nCnBmV15ntSPS85JqXxdLlQupnVkYQ/2oQgOnEIFrqAKNSDwAE/wAq/Wo/VsvVnvk2jGms7swh9YH9/j3Jme</latexit>

@A(1)/@Z(1)

n1x1n1x1
n1xn1

<latexit sha1_base64="RLc1E0fgZBZSDDcZ3aKGviFpa6c="></latexit>

J(W,W0) =
1

ndata

Pndata

i=1 L(NN(x(i);W,W0), y(i))

• Convention: for    of size          and    of size   <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u
is a matrix of size          with          entry

<latexit sha1_base64="rDbkAHvYFc0oNE6rkWabFRbP9NI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx4D0UETcENYvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkXtGj+bXzwlZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9n7ZCA0ZygnllCmhb2VsBHVlKENqWRD8JZfXiWti6p3Wa3d1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz/iHZBq</latexit>

b⇥ c
<latexit sha1_base64="/9gB524CtlJ5DZdrnBc9VvlwrzE=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqCglEVGXQTcuK5i20IYymU7asZNJmJkIofQZ3HShiFsfyF3fxulloa0/DHz8/znMOSdIOFPatidWbm19Y3Mrv13Y2d3bPygeHtVVnEpCPRLzWDYDrChngnqaaU6biaQ4CjhtBIP7ad54oVKxWDzpLKF+hHuChYxgbSyv8nwxOOsUy3bVngmtgrOAsltqn48nblbrFL/b3ZikERWacKxUy7ET7Q+x1IxwOiq0U0UTTAa4R1sGBY6o8oezYUfo1DhdFMbSPKHRzP3dMcSRUlkUmMoI675azqbmf1kr1eGtP2QiSTUVZP5RmHKkYzTdHHWZpETzzAAmkplZEeljiYk29ymYIzjLK69C/bLqXFevHp2yewdz5eEESlABB27AhQeogQcEGLzCG7xbwhpbH9bnvDRnLXqO4Y+srx/k45ET</latexit>

(j, k)
<latexit sha1_base64="TXxGa+SuR0IGHYi+6YG+ReGg8rE=">AAAB/nicbZDLSgMxFIbP1Futt1Fx5SZYBFd1Roq6LLpxWcFeoB1KJs20oZnMkGQKZSj4Km5cKOLW53Dn25hpB9HWA4GP/z8nOfn9mDOlHefLKqysrq1vFDdLW9s7u3v2/kFTRYkktEEiHsm2jxXlTNCGZprTdiwpDn1OW/7oNvNbYyoVi8SDnsTUC/FAsIARrI3Us4+6MZaaYY7G5z+Y9OyyU3FmhZbBzaEMedV79me3H5EkpEITjpXquE6svTS7j3A6LXUTRWNMRnhAOwYFDqny0tn6U3RqlD4KImmO0Gim/p5IcajUJPRNZ4j1UC16mfif10l0cO2lTMSJpoLMHwoSjnSEsixQn0lKNJ8YwEQysysiQywx0SaxkgnBXfzyMjQvKu5lpXpfLddu8jiKcAwncAYuXEEN7qAODSCQwhO8wKv1aD1bb9b7vLVg5TOH8Kesj2/iIpVy</latexit>

@v/@u

<latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v

• Example: 
m1xn11x1

m1xn1

<latexit sha1_base64="nGwsnU1yKGzniEehStetFO+i9QE=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR4/0UETcEK9frrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYraNX42v3hKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrP3yUBozlBOLKFMC3srYSOqKUMbUsmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8ASliQBw==</latexit>

1⇥ 1
<latexit sha1_base64="rDbkAHvYFc0oNE6rkWabFRbP9NI=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx4D0UETcENYvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkXtGj+bXzwlZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9n7ZCA0ZygnllCmhb2VsBHVlKENqWRD8JZfXiWti6p3Wa3d1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz/iHZBq</latexit>

b⇥ c
<latexit sha1_base64="ioJXdZNyK/6tMHaTuPAU3REN2vg=">AAACBnicbVDLSgMxFL3js9bXqEsRgkVwIXVGirosunFZwT6gHYZMmmljMw+STKEMXbnxV9y4UMSt3+DOvzHTDqKtBwIn59x7k3u8mDOpLOvLWFhcWl5ZLawV1zc2t7bNnd2GjBJBaJ1EPBItD0vKWUjriilOW7GgOPA4bXqD68xvDqmQLArv1CimToB7IfMZwUpLrnnQibFQDHM0RKfo55K46f3JYOyaJatsTYDmiZ2TEuSoueZnpxuRJKChIhxL2batWDlpNpVwOi52EkljTAa4R9uahjig0kkna4zRkVa6yI+EPqFCE/V3R4oDKUeBpysDrPpy1svE/7x2ovxLJ2VhnCgakulDfsKRilCWCeoyQYniI00wEUz/FZE+FpgonVxRh2DPrjxPGmdl+7xcua2Uqld5HAXYh0M4BhsuoAo3UIM6EHiAJ3iBV+PReDbejPdp6YKR9+zBHxgf3zvpmFo=</latexit>

@v/@uj,k
<latexit sha1_base64="Pm3S+JBKGEVc1ewJNB3zcijM7jM=">AAACE3icbVC7SgNBFJ2Nrxhfq5Y2g0GIFnFXgloGbSwjmAck6zI7mU2GzD6YuSuGZf/Bxl+xsVDE1sbOv3HyQDTxwIXDOffO3Hu8WHAFlvVl5BYWl5ZX8quFtfWNzS1ze6ehokRSVqeRiGTLI4oJHrI6cBCsFUtGAk+wpje4HPnNOyYVj8IbGMbMCUgv5D6nBLTkmkedmEjgROAOsHuQQSoipTKX4+Mfp3mbluzDzDWLVtkaA88Te0qKaIqaa352uhFNAhYCFUSptm3F4KSjV6lgWaGTKBYTOiA91tY0JAFTTjq+KcMHWuliP5K6QsBj9fdESgKlhoGnOwMCfTXrjcT/vHYC/rmT8jBOgIV08pGfCAwRHgWEu1wyCmKoCaGS610x7RNJKOgYCzoEe/bkedI4Kdun5cp1pVi9mMaRR3toH5WQjc5QFV2hGqojih7QE3pBr8aj8Wy8Ge+T1pwxndlFf2B8fAPrvZ4p</latexit>

@lossi/@W
(1)

<latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v <latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u



1x1

• Use the scalar chain rule from calculus:

Taking derivatives for SGD

• Part of SGD step t: randomly choose (x,y) and update:
value at end 

of step t all values on this side 
are from step t-1

1x1 1x1

notice: we’re dropping i

6

• Example 1-layer NN                
• data dimension                ; # outputs  

<latexit sha1_base64="Yw63LbIaTKuEzDnLun+4uKolERg=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQEcquFPUiVL14rGB/oF1LNs22odlkSbJiWfYBvPgqXjwo4tUH8ObbmG73oK0DgcnMfCTfeCGjStv2t5VbWFxaXsmvFtbWNza3its7TSUiiUkDCyZk20OKMMpJQ1PNSDuUBAUeIy1vdDXxW/dEKir4rR6HxA3QgFOfYqSN1CuWLu7isnOYwHPYSllXizCBD/Aouyc926Tsip0CzhMnIyWQod4rfnX7AkcB4RozpFTHsUPtxkhqihlJCt1IkRDhERqQjqEcBUS5cbpMAg+M0oe+kOZwDVP190SMAqXGgWeSAdJDNetNxP+8TqT9MzemPIw04Xj6kB8xqAWcNAP7VBKs2dgQhCU1f4V4iCTC2vRXMCU4syvPk+ZxxTmpVG+qpdplVkce7IF9UAYOOAU1cA3qoAEweATP4BW8WU/Wi/VufUyjOSub2QV/YH3+AL4pmEc=</latexit>

A(1) = W (1)>x+W (1)
0

<latexit sha1_base64="ScAiFdiAoe+G+bdZTGvvCDHMd7M=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUS9C0YvHCvYDtmvJptk2NMkuyaxQlv4MLx4U8eqv8ea/MW33oK0PBh7vzTAzL0wEN+C6387K6tr6xmZhq7i9s7u3Xzo4bJk41ZQ1aSxi3QmJYYIr1gQOgnUSzYgMBWuHo9up335i2vBYPcA4YYEkA8UjTglYyZePWcU7m+BrXOuVym7VnQEvEy8nZZSj0St9dfsxTSVTQAUxxvfcBIKMaOBUsEmxmxqWEDoiA+ZbqohkJshmJ0/wqVX6OIq1LQV4pv6eyIg0ZixD2ykJDM2iNxX/8/wUoqsg4ypJgSk6XxSlAkOMp//jPteMghhbQqjm9lZMh0QTCjalog3BW3x5mbTOq95FtXZfK9dv8jgK6BidoAry0CWqozvUQE1EUYye0St6c8B5cd6dj3nripPPHKE/cD5/ADMcj+c=</latexit>

m(1) = 4

3x1 4x14x3 3x1

<latexit sha1_base64="Xvu08yI5tzpgQ3RvEmcjur6XUZ8="></latexit>

W (1)
0,j  W (1)

0,j � ⌘(t)
@loss

@W (1)
0,j

<latexit sha1_base64="YBLHDWOY1EM0zrWJaHmTZROlsaM=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXi3oRil48VrAfsF1LNk3b0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAW3IDrfju5ldW19Y38ZmFre2d3r7h/0DQq0ZQ1qBJKt0NimOCSNYCDYO1YMxKFgrXC0e3Ubz0xbbiSDzCOWRCRgeR9TglYyZePadk7neBrfN4tltyKOwNeJl5GSihDvVv86vQUTSImgQpijO+5MQQp0cCpYJNCJzEsJnREBsy3VJKImSCdnTzBJ1bp4b7StiTgmfp7IiWRMeMotJ0RgaFZ9Kbif56fQP8qSLmME2CSzhf1E4FB4en/uMc1oyDGlhCqub0V0yHRhIJNqWBD8BZfXibNs4p3UaneV0u1myyOPDpCx6iMPHSJaugO1VEDUaTQM3pFbw44L8678zFvzTnZzCH6A+fzBzMmj+c=</latexit>

n(1) = 3

<latexit sha1_base64="BdQOU4F864mtAhuRyxVTnca2K5o="></latexit>

loss = L(A(1), y) =
P3

k=1(A
(1)
k � yk)2

<latexit sha1_base64="uZ1o2JhHhV3GwfivX96NJlc0zFk="></latexit>

@loss

@W (1)
0,j

=
3X

k=1

@loss

@A(1)
k

@A(1)
k

@W (1)
0,j

1x1 1x1 1x1

<latexit sha1_base64="Nc5Pfb0L7Pf77VQBXjgKKshhKMQ="></latexit>

=
3X

k=1

@A(1)
k

@W (1)
0,j

@loss

@A(1)
k

<latexit sha1_base64="SUCrtjr8NMtWcnVxHflMIihCA0U="></latexit>

@loss

@W (1)
0,j

=
@A(1)

@W (1)
0,j

@loss

@A(1)

1x3 3x11x1

<latexit sha1_base64="6UpIiPRdVkviSFfcTe6KuKz25GY="></latexit>

@loss

@W (1)
0

=
@A(1)

@W (1)
0

@loss

@A(1)

3x3 3x13x1



1x1

• Use the scalar chain rule from calculus:

1x1 1x1 1x1

3x11x31x1 3x1 3x3 3x1

Taking derivatives for SGD

• Part of SGD step t: randomly choose (x,y) and update:
value at end 

of step t all values on this side 
are from step t-1

1x1 1x1

notice: we’re dropping i

6

• Example 1-layer NN                
• data dimension                ; # outputs  

<latexit sha1_base64="Yw63LbIaTKuEzDnLun+4uKolERg=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQEcquFPUiVL14rGB/oF1LNs22odlkSbJiWfYBvPgqXjwo4tUH8ObbmG73oK0DgcnMfCTfeCGjStv2t5VbWFxaXsmvFtbWNza3its7TSUiiUkDCyZk20OKMMpJQ1PNSDuUBAUeIy1vdDXxW/dEKir4rR6HxA3QgFOfYqSN1CuWLu7isnOYwHPYSllXizCBD/Aouyc926Tsip0CzhMnIyWQod4rfnX7AkcB4RozpFTHsUPtxkhqihlJCt1IkRDhERqQjqEcBUS5cbpMAg+M0oe+kOZwDVP190SMAqXGgWeSAdJDNetNxP+8TqT9MzemPIw04Xj6kB8xqAWcNAP7VBKs2dgQhCU1f4V4iCTC2vRXMCU4syvPk+ZxxTmpVG+qpdplVkce7IF9UAYOOAU1cA3qoAEweATP4BW8WU/Wi/VufUyjOSub2QV/YH3+AL4pmEc=</latexit>

A(1) = W (1)>x+W (1)
0

<latexit sha1_base64="ScAiFdiAoe+G+bdZTGvvCDHMd7M=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUS9C0YvHCvYDtmvJptk2NMkuyaxQlv4MLx4U8eqv8ea/MW33oK0PBh7vzTAzL0wEN+C6387K6tr6xmZhq7i9s7u3Xzo4bJk41ZQ1aSxi3QmJYYIr1gQOgnUSzYgMBWuHo9up335i2vBYPcA4YYEkA8UjTglYyZePWcU7m+BrXOuVym7VnQEvEy8nZZSj0St9dfsxTSVTQAUxxvfcBIKMaOBUsEmxmxqWEDoiA+ZbqohkJshmJ0/wqVX6OIq1LQV4pv6eyIg0ZixD2ykJDM2iNxX/8/wUoqsg4ypJgSk6XxSlAkOMp//jPteMghhbQqjm9lZMh0QTCjalog3BW3x5mbTOq95FtXZfK9dv8jgK6BidoAry0CWqozvUQE1EUYye0St6c8B5cd6dj3nripPPHKE/cD5/ADMcj+c=</latexit>

m(1) = 4

3x1 4x14x3 3x1

<latexit sha1_base64="Xvu08yI5tzpgQ3RvEmcjur6XUZ8="></latexit>

W (1)
0,j  W (1)

0,j � ⌘(t)
@loss

@W (1)
0,j

<latexit sha1_base64="YBLHDWOY1EM0zrWJaHmTZROlsaM=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXi3oRil48VrAfsF1LNk3b0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAW3IDrfju5ldW19Y38ZmFre2d3r7h/0DQq0ZQ1qBJKt0NimOCSNYCDYO1YMxKFgrXC0e3Ubz0xbbiSDzCOWRCRgeR9TglYyZePadk7neBrfN4tltyKOwNeJl5GSihDvVv86vQUTSImgQpijO+5MQQp0cCpYJNCJzEsJnREBsy3VJKImSCdnTzBJ1bp4b7StiTgmfp7IiWRMeMotJ0RgaFZ9Kbif56fQP8qSLmME2CSzhf1E4FB4en/uMc1oyDGlhCqub0V0yHRhIJNqWBD8BZfXibNs4p3UaneV0u1myyOPDpCx6iMPHSJaugO1VEDUaTQM3pFbw44L8678zFvzTnZzCH6A+fzBzMmj+c=</latexit>

n(1) = 3

<latexit sha1_base64="BdQOU4F864mtAhuRyxVTnca2K5o="></latexit>

loss = L(A(1), y) =
P3

k=1(A
(1)
k � yk)2

<latexit sha1_base64="uZ1o2JhHhV3GwfivX96NJlc0zFk="></latexit>

@loss

@W (1)
0,j

=
3X

k=1

@loss

@A(1)
k

@A(1)
k

@W (1)
0,j

<latexit sha1_base64="Nc5Pfb0L7Pf77VQBXjgKKshhKMQ="></latexit>

=
3X

k=1

@A(1)
k

@W (1)
0,j

@loss

@A(1)
k

<latexit sha1_base64="SUCrtjr8NMtWcnVxHflMIihCA0U="></latexit>

@loss

@W (1)
0,j

=
@A(1)

@W (1)
0,j

@loss

@A(1)

<latexit sha1_base64="6UpIiPRdVkviSFfcTe6KuKz25GY="></latexit>

@loss

@W (1)
0

=
@A(1)

@W (1)
0

@loss

@A(1)

Exercise: 
compute 
this matrix



1x1

• Use the scalar chain rule from calculus:

1x1 1x1 1x1

3x11x31x1 3x1 3x3 3x1

Taking derivatives for SGD

• Part of SGD step t: randomly choose (x,y) and update:
value at end 

of step t all values on this side 
are from step t-1

1x1 1x1

notice: we’re dropping i

6

• Example 1-layer NN                
• data dimension                ; # outputs  

<latexit sha1_base64="Yw63LbIaTKuEzDnLun+4uKolERg=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQEcquFPUiVL14rGB/oF1LNs22odlkSbJiWfYBvPgqXjwo4tUH8ObbmG73oK0DgcnMfCTfeCGjStv2t5VbWFxaXsmvFtbWNza3its7TSUiiUkDCyZk20OKMMpJQ1PNSDuUBAUeIy1vdDXxW/dEKir4rR6HxA3QgFOfYqSN1CuWLu7isnOYwHPYSllXizCBD/Aouyc926Tsip0CzhMnIyWQod4rfnX7AkcB4RozpFTHsUPtxkhqihlJCt1IkRDhERqQjqEcBUS5cbpMAg+M0oe+kOZwDVP190SMAqXGgWeSAdJDNetNxP+8TqT9MzemPIw04Xj6kB8xqAWcNAP7VBKs2dgQhCU1f4V4iCTC2vRXMCU4syvPk+ZxxTmpVG+qpdplVkce7IF9UAYOOAU1cA3qoAEweATP4BW8WU/Wi/VufUyjOSub2QV/YH3+AL4pmEc=</latexit>

A(1) = W (1)>x+W (1)
0

<latexit sha1_base64="ScAiFdiAoe+G+bdZTGvvCDHMd7M=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUS9C0YvHCvYDtmvJptk2NMkuyaxQlv4MLx4U8eqv8ea/MW33oK0PBh7vzTAzL0wEN+C6387K6tr6xmZhq7i9s7u3Xzo4bJk41ZQ1aSxi3QmJYYIr1gQOgnUSzYgMBWuHo9up335i2vBYPcA4YYEkA8UjTglYyZePWcU7m+BrXOuVym7VnQEvEy8nZZSj0St9dfsxTSVTQAUxxvfcBIKMaOBUsEmxmxqWEDoiA+ZbqohkJshmJ0/wqVX6OIq1LQV4pv6eyIg0ZixD2ykJDM2iNxX/8/wUoqsg4ypJgSk6XxSlAkOMp//jPteMghhbQqjm9lZMh0QTCjalog3BW3x5mbTOq95FtXZfK9dv8jgK6BidoAry0CWqozvUQE1EUYye0St6c8B5cd6dj3nripPPHKE/cD5/ADMcj+c=</latexit>

m(1) = 4

3x1 4x14x3 3x1

<latexit sha1_base64="Xvu08yI5tzpgQ3RvEmcjur6XUZ8="></latexit>

W (1)
0,j  W (1)

0,j � ⌘(t)
@loss

@W (1)
0,j

<latexit sha1_base64="YBLHDWOY1EM0zrWJaHmTZROlsaM=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXi3oRil48VrAfsF1LNk3b0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAW3IDrfju5ldW19Y38ZmFre2d3r7h/0DQq0ZQ1qBJKt0NimOCSNYCDYO1YMxKFgrXC0e3Ubz0xbbiSDzCOWRCRgeR9TglYyZePadk7neBrfN4tltyKOwNeJl5GSihDvVv86vQUTSImgQpijO+5MQQp0cCpYJNCJzEsJnREBsy3VJKImSCdnTzBJ1bp4b7StiTgmfp7IiWRMeMotJ0RgaFZ9Kbif56fQP8qSLmME2CSzhf1E4FB4en/uMc1oyDGlhCqub0V0yHRhIJNqWBD8BZfXibNs4p3UaneV0u1myyOPDpCx6iMPHSJaugO1VEDUaTQM3pFbw44L8678zFvzTnZzCH6A+fzBzMmj+c=</latexit>

n(1) = 3

<latexit sha1_base64="BdQOU4F864mtAhuRyxVTnca2K5o="></latexit>

loss = L(A(1), y) =
P3

k=1(A
(1)
k � yk)2

<latexit sha1_base64="uZ1o2JhHhV3GwfivX96NJlc0zFk="></latexit>

@loss

@W (1)
0,j

=
3X

k=1

@loss

@A(1)
k

@A(1)
k

@W (1)
0,j

<latexit sha1_base64="Nc5Pfb0L7Pf77VQBXjgKKshhKMQ="></latexit>

=
3X

k=1

@A(1)
k

@W (1)
0,j

@loss

@A(1)
k

<latexit sha1_base64="SUCrtjr8NMtWcnVxHflMIihCA0U="></latexit>

@loss

@W (1)
0,j

=
@A(1)

@W (1)
0,j

@loss

@A(1)

<latexit sha1_base64="6UpIiPRdVkviSFfcTe6KuKz25GY="></latexit>

@loss

@W (1)
0

=
@A(1)

@W (1)
0

@loss

@A(1)

Exercise: 
compute 
this matrixNotice: We can’t just 

substitute the weight 
matrix in the final 

formula. (Why not?)
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• Example 1-layer NN                
• data dimension                ; # outputs  

<latexit sha1_base64="Yw63LbIaTKuEzDnLun+4uKolERg=">AAACDHicbVDNSgMxGMzWv1r/qh69BItQEcquFPUiVL14rGB/oF1LNs22odlkSbJiWfYBvPgqXjwo4tUH8ObbmG73oK0DgcnMfCTfeCGjStv2t5VbWFxaXsmvFtbWNza3its7TSUiiUkDCyZk20OKMMpJQ1PNSDuUBAUeIy1vdDXxW/dEKir4rR6HxA3QgFOfYqSN1CuWLu7isnOYwHPYSllXizCBD/Aouyc926Tsip0CzhMnIyWQod4rfnX7AkcB4RozpFTHsUPtxkhqihlJCt1IkRDhERqQjqEcBUS5cbpMAg+M0oe+kOZwDVP190SMAqXGgWeSAdJDNetNxP+8TqT9MzemPIw04Xj6kB8xqAWcNAP7VBKs2dgQhCU1f4V4iCTC2vRXMCU4syvPk+ZxxTmpVG+qpdplVkce7IF9UAYOOAU1cA3qoAEweATP4BW8WU/Wi/VufUyjOSub2QV/YH3+AL4pmEc=</latexit>

A(1) = W (1)>x+W (1)
0

<latexit sha1_base64="ScAiFdiAoe+G+bdZTGvvCDHMd7M=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUS9C0YvHCvYDtmvJptk2NMkuyaxQlv4MLx4U8eqv8ea/MW33oK0PBh7vzTAzL0wEN+C6387K6tr6xmZhq7i9s7u3Xzo4bJk41ZQ1aSxi3QmJYYIr1gQOgnUSzYgMBWuHo9up335i2vBYPcA4YYEkA8UjTglYyZePWcU7m+BrXOuVym7VnQEvEy8nZZSj0St9dfsxTSVTQAUxxvfcBIKMaOBUsEmxmxqWEDoiA+ZbqohkJshmJ0/wqVX6OIq1LQV4pv6eyIg0ZixD2ykJDM2iNxX/8/wUoqsg4ypJgSk6XxSlAkOMp//jPteMghhbQqjm9lZMh0QTCjalog3BW3x5mbTOq95FtXZfK9dv8jgK6BidoAry0CWqozvUQE1EUYye0St6c8B5cd6dj3nripPPHKE/cD5/ADMcj+c=</latexit>

m(1) = 4

3x1 4x14x3 3x1

<latexit sha1_base64="YBLHDWOY1EM0zrWJaHmTZROlsaM=">AAAB8nicbVBNSwMxEM3Wr1q/qh69BItQL2VXi3oRil48VrAfsF1LNk3b0GyyJLNCWfozvHhQxKu/xpv/xrTdg7Y+GHi8N8PMvDAW3IDrfju5ldW19Y38ZmFre2d3r7h/0DQq0ZQ1qBJKt0NimOCSNYCDYO1YMxKFgrXC0e3Ubz0xbbiSDzCOWRCRgeR9TglYyZePadk7neBrfN4tltyKOwNeJl5GSihDvVv86vQUTSImgQpijO+5MQQp0cCpYJNCJzEsJnREBsy3VJKImSCdnTzBJ1bp4b7StiTgmfp7IiWRMeMotJ0RgaFZ9Kbif56fQP8qSLmME2CSzhf1E4FB4en/uMc1oyDGlhCqub0V0yHRhIJNqWBD8BZfXibNs4p3UaneV0u1myyOPDpCx6iMPHSJaugO1VEDUaTQM3pFbw44L8678zFvzTnZzCH6A+fzBzMmj+c=</latexit>

n(1) = 3

<latexit sha1_base64="BdQOU4F864mtAhuRyxVTnca2K5o="></latexit>

loss = L(A(1), y) =
P3

k=1(A
(1)
k � yk)2

• Our last derivation doesn’t work for a full weight matrix. 
(Exercise: why not?) So what about the full matrix case?

• Observe: if    is a          vector and    is a          vector,          
is a matrix of size          with          entry 

<latexit sha1_base64="Dj96JhijXyqQ1LF4s6VoJbVKYLw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48t2FpoQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgTj25n/8IRK81jem0mCfkSHkoecUWOlZtovV9yqOwdZJV5OKpCj0S9/9QYxSyOUhgmqdddzE+NnVBnOBE5LvVRjQtmYDrFrqaQRaj+bHzolZ1YZkDBWtqQhc/X3REYjrSdRYDsjakZ62ZuJ/3nd1ITXfsZlkhqUbLEoTAUxMZl9TQZcITNiYgllittbCRtRRZmx2ZRsCN7yy6ukfVH1Lqu1Zq1Sv8njKMIJnMI5eHAFdbiDBrSAAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucP5JuNAg==</latexit>u <latexit sha1_base64="nQsX9L/lq/3dlYfgFTiVm5DZ8sE=">AAAB6HicbVDLTgJBEOzFF+IL9ehlIjHxRHYNUY9ELx4hkUcCGzI79MLI7OxmZpaEEL7AiweN8eonefNvHGAPClbSSaWqO91dQSK4Nq777eQ2Nre2d/K7hb39g8Oj4vFJU8epYthgsYhVO6AaBZfYMNwIbCcKaRQIbAWj+7nfGqPSPJaPZpKgH9GB5CFn1FipPu4VS27ZXYCsEy8jJchQ6xW/uv2YpRFKwwTVuuO5ifGnVBnOBM4K3VRjQtmIDrBjqaQRan+6OHRGLqzSJ2GsbElDFurviSmNtJ5Ege2MqBnqVW8u/ud1UhPe+lMuk9SgZMtFYSqIicn8a9LnCpkRE0soU9zeStiQKsqMzaZgQ/BWX14nzauyd12u1Cul6l0WRx7O4BwuwYMbqMID1KABDBCe4RXenCfnxXl3PpatOSebOYU/cD5/AOYfjQM=</latexit>v
<latexit sha1_base64="Isf+RhPuHfjwUYapOOXkfKeLcUA=">AAAB7nicbVBNSwMxEM3Wr1q/qh69BIvgqeyKqMeiF48V7Ae0a8mm2TY0m4RktlCW/ggvHhTx6u/x5r8xbfegrQ8GHu/NMDMv0oJb8P1vr7C2vrG5Vdwu7ezu7R+UD4+aVqWGsgZVQpl2RCwTXLIGcBCsrQ0jSSRYKxrdzfzWmBnLlXyEiWZhQgaSx5wScFJrnD51QeleueJX/TnwKglyUkE56r3yV7evaJowCVQQazuBryHMiAFOBZuWuqllmtARGbCOo5IkzIbZ/NwpPnNKH8fKuJKA5+rviYwk1k6SyHUmBIZ22ZuJ/3mdFOKbMONSp8AkXSyKU4FB4dnvuM8NoyAmjhBquLsV0yExhIJLqORCCJZfXiXNi2pwVb18uKzUbvM4iugEnaJzFKBrVEP3qI4aiKIRekav6M3T3ov37n0sWgtePnOM/sD7/AGZ2I/B</latexit>

vu>
<latexit sha1_base64="zIJf9ExiwrBp/OA2m4h0OxLV3to=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ie0oWy2m3bpbhJ2J0IJ/RVePCji1Z/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUkS8iQIl7ySaUxVI3g7GtzO//cS1EXH0gJOE+4oOIxEKRtFKj0EPheKGsH654lbdOcgq8XJSgRyNfvmrN4hZqniETFJjup6boJ9RjYJJPi31UsMTysZ0yLuWRtSu8bP5wVNyZpUBCWNtK0IyV39PZFQZM1GB7VQUR2bZm4n/ed0Uw2s/E1GSIo/YYlGYSoIxmX1PBkJzhnJiCWVa2FsJG1FNGdqMSjYEb/nlVdK6qHqX1dp9rVK/yeMowgmcwjl4cAV1uIMGNIGBgmd4hTdHOy/Ou/OxaC04+cwx/IHz+QOLR5BA</latexit>

b⇥ c
<latexit sha1_base64="/9gB524CtlJ5DZdrnBc9VvlwrzE=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqCglEVGXQTcuK5i20IYymU7asZNJmJkIofQZ3HShiFsfyF3fxulloa0/DHz8/znMOSdIOFPatidWbm19Y3Mrv13Y2d3bPygeHtVVnEpCPRLzWDYDrChngnqaaU6biaQ4CjhtBIP7ad54oVKxWDzpLKF+hHuChYxgbSyv8nwxOOsUy3bVngmtgrOAsltqn48nblbrFL/b3ZikERWacKxUy7ET7Q+x1IxwOiq0U0UTTAa4R1sGBY6o8oezYUfo1DhdFMbSPKHRzP3dMcSRUlkUmMoI675azqbmf1kr1eGtP2QiSTUVZP5RmHKkYzTdHHWZpETzzAAmkplZEeljiYk29ymYIzjLK69C/bLqXFevHp2yewdz5eEESlABB27AhQeogQcEGLzCG7xbwhpbH9bnvDRnLXqO4Y+srx/k45ET</latexit>

(j, k) <latexit sha1_base64="ebt82Gf1iPinPVaWLOI0WJPqXc8=">AAAB7nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaEDbbTbtmsxt2N4US+iO8eFDEq7/Hm//GbZuDtj4YeLw3w8y8MOVMG9f9dkpr6xubW+Xtys7u3v5B9fCorWWmCG0RyaXqhlhTzgRtGWY47aaK4iTktBPGdzO/M6ZKMykezSSlfoKHgkWMYGOlzjh4QlkQB9WaW3fnQKvEK0gNCjSD6ld/IEmWUGEIx1r3PDc1fo6VYYTTaaWfaZpiEuMh7VkqcEK1n8/PnaIzqwxQJJUtYdBc/T2R40TrSRLazgSbkV72ZuJ/Xi8z0Y2fM5FmhgqyWBRlHBmJZr+jAVOUGD6xBBPF7K2IjLDCxNiEKjYEb/nlVdK+qHtX9cuHy1rjtoijDCdwCufgwTU04B6a0AICMTzDK7w5qfPivDsfi9aSU8wcwx84nz8QcI9n</latexit>vjuk

• By our convention,                      is a matrix with          
entry 

<latexit sha1_base64="/9gB524CtlJ5DZdrnBc9VvlwrzE=">AAAB7HicbZDLSsNAFIZP6q3WW9Wlm6FFqCglEVGXQTcuK5i20IYymU7asZNJmJkIofQZ3HShiFsfyF3fxulloa0/DHz8/znMOSdIOFPatidWbm19Y3Mrv13Y2d3bPygeHtVVnEpCPRLzWDYDrChngnqaaU6biaQ4CjhtBIP7ad54oVKxWDzpLKF+hHuChYxgbSyv8nwxOOsUy3bVngmtgrOAsltqn48nblbrFL/b3ZikERWacKxUy7ET7Q+x1IxwOiq0U0UTTAa4R1sGBY6o8oezYUfo1DhdFMbSPKHRzP3dMcSRUlkUmMoI675azqbmf1kr1eGtP2QiSTUVZP5RmHKkYzTdHHWZpETzzAAmkplZEeljiYk29ymYIzjLK69C/bLqXFevHp2yewdz5eEESlABB27AhQeogQcEGLzCG7xbwhpbH9bnvDRnLXqO4Y+srx/k45ET</latexit>

(j, k)

4x3 4x1 3x1

• So:

<latexit sha1_base64="EEbywDWHkc6ZovJxs3zrgGV3yNU="></latexit>

@loss

@W (1)
j,k

=
3X

p=1

@A(1)
p

@W (1)
j,k

@loss

@A(1)
p

=
@A(1)

k

@W (1)
j,k

@loss

@A(1)
k

= xj
@loss

@A(1)
k

<latexit sha1_base64="XBU0UNld+hR5lyEf898y2Lr1QAQ="></latexit>

@loss

@W (1)
= x

✓
@loss

@A(1)

◆>

<latexit sha1_base64="TW7y2T0nn+mCS9vIeDilyapBv4Q=">AAACE3icbVDLSsNAFJ3UV42vqEs3g0WoLmoiRV0W3bisYB/QxDKZTtqhkwczN2IJ+Qc3/oobF4q4dePOvzFpi2jrgQuHc+6dufe4keAKTPNLKywsLi2vFFf1tfWNzS1je6epwlhS1qChCGXbJYoJHrAGcBCsHUlGfFewlju8zP3WHZOKh8ENjCLm+KQfcI9TApnUNY7siEjgRGAb2D1IPxGhUql+/KO3bpOydZjqetcomRVzDDxPrCkpoSnqXePT7oU09lkAVBClOpYZgZPk71LBUt2OFYsIHZI+62Q0ID5TTjK+KcUHmdLDXiizCgCP1d8TCfGVGvlu1ukTGKhZLxf/8zoxeOdOwoMoBhbQyUdeLDCEOA8I97hkFMQoI4RKnu2K6YBIQiGLMQ/Bmj15njRPKtZppXpdLdUupnEU0R7aR2VkoTNUQ1eojhqIogf0hF7Qq/aoPWtv2vuktaBNZ3bRH2gf37VNnV8=</latexit>

@loss/@W (1)
<latexit sha1_base64="yJqBTbY8JTTQiZH+GjJ92984zzE=">AAACGHicbVDLSsNAFJ34rPEVdelmsAgVpCZS1GXRjcsK9gFNLJPppB07eTBzI5aQz3Djr7hxoYjb7vwbk7agth64cDjn3pl7jxsJrsA0v7SFxaXlldXCmr6+sbm1bezsNlQYS8rqNBShbLlEMcEDVgcOgrUiyYjvCtZ0B1e533xgUvEwuIVhxByf9ALucUogkzrGiR0RCZwIbAN7BOknIlQq1X/05l1Sso7STnJ/PEj1jlE0y+YYeJ5YU1JEU9Q6xsjuhjT2WQBUEKXalhmBk+SPU8FS3Y4ViwgdkB5rZzQgPlNOMj4sxYeZ0sVeKLMKAI/V3xMJ8ZUa+m7W6RPoq1kvF//z2jF4F07CgygGFtDJR14sMIQ4Twl3uWQUxDAjhEqe7Yppn0hCIcsyD8GaPXmeNE7L1lm5clMpVi+ncRTQPjpAJWShc1RF16iG6oiiJ/SC3tC79qy9ah/a56R1QZvO7KE/0EbfQWKf3w==</latexit>

@loss/@W (1)
j,k

1x1

<latexit sha1_base64="vFQgl3WXIVFVoY/F5DOv3cjPo+8=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilR0Z6KCJuiNcvV9yqOwdZJV5OKpCj0S9/9QYxSyOukElqTNdzE/QzqlEwyaelXmp4QtmYDnnXUkXtGj+bXzwlZ1YZkDDWthSSufp7IqORMZMosJ0RxZFZ9mbif143xfDaz4RKUuSKLRaFqSQYk9n7ZCA0ZygnllCmhb2VsBHVlKENqWRD8JZfXiWti6p3Wa3d1yr1mzyOIpzAKZyDB1dQhztoQBMYKHiGV3hzjPPivDsfi9aCk88cwx84nz+X4pA5</latexit>

c⇥ 1
<latexit sha1_base64="J1uQWrtcnsX/I/yErpAoqTrLJAM=">AAAB8XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Ae2oWy2m3bpZhN2J0IJ/RdePCji1X/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmTjVjDdZLGPdCajhUijeRIGSdxLNaRRI3g7GtzO//cS1EbF6wEnC/YgOlQgFo2ilx4D0UETcEK9frrhVdw6ySrycVCBHo1/+6g1ilkZcIZPUmK7nJuhnVKNgkk9LvdTwhLIxHfKupYraNX42v3hKzqwyIGGsbSkkc/X3REYjYyZRYDsjiiOz7M3E/7xuiuG1nwmVpMgVWywKU0kwJrP3yUBozlBOLKFMC3srYSOqKUMbUsmG4C2/vEpaF1Xvslq7r1XqN3kcRTiBUzgHD66gDnfQgCYwUPAMr/DmGOfFeXc+Fq0FJ585hj9wPn8AllWQOA==</latexit>

b⇥ 1



• General case: NN with L layers 
• Layer     has         inputs and                       outputs 
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<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`
<latexit sha1_base64="UckIR46BdaDjWpe7YoAurqfJdJ0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2Adi3ZNNuGJtklyQpl6Y/w4kERr/4eb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hYqSMe0yo/nw3KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46P3eGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLLf0ZApSgyfWoKJYvZWRMZYYWJsQiUbgrf88ippX9S8y1r9vl5p3ORxFOEETqEKHlxBA+6gCS0gMIFneIU3J3ZenHfnY9FacPKZY/gD5/MH4sKPSQ==</latexit>

m(l)
<latexit sha1_base64="fJ6v4qEDkfElBdmLNFFXs8fC8uA=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEFqHMSFE3QtGNywr2Au1YMmmmDU0yQ5IRhqG+ihsXirj1Qdz5NmbaWWjrD4GP/5zDOfn9iFGlHefbWlldW9/YLGwVt3d29/btg8O2CmOJSQuHLJRdHynCqCAtTTUj3UgSxH1GOv7kJqt3HolUNBT3OomIx9FI0IBipI01sEviIa2w6hReQZ7RqVudDuyyU3Nmgsvg5lAGuZoD+6s/DHHMidCYIaV6rhNpL0VSU8zItNiPFYkQnqAR6RkUiBPlpbPjp/DEOEMYhNI8oeHM/T2RIq5Uwn3TyZEeq8VaZv5X68U6uPRSKqJYE4Hni4KYQR3CLAk4pJJgzRIDCEtqboV4jCTC2uRVNCG4i19ehvZZzT2v1e/q5cZ1HkcBHIFjUAEuuAANcAuaoAUwSMAzeAVv1pP1Yr1bH/PWFSufKYE/sj5/AFrrk0w=</latexit>

n(l) = m(l+1)

• To find                    , break off the “final” weight derivative 
<latexit sha1_base64="mY+PZFUqRe/kb2LCAz25eBmoZQA="></latexit>

@loss

@W (`)
j,k

=
@Z(`)

k

@W (`)
j,k

@loss

@Z(`)
k

= A(`�1)
j

@loss

@Z(`)
k

<latexit sha1_base64="1VVn+pX/ClRvHMHM5+I0IIfwVhA="></latexit>

@loss

@W (`)
= A(`�1)

✓
@loss

@Z(`)

◆>

• It remains to find

<latexit sha1_base64="1E3nAIeAJyLXaZENyeacugPu4Pk=">AAACGXicbVDJSgNBEO1xjeMW9eilMQjxEmckqMegF48RzAKZGHo6laRJz0J3jRiG/IYXf8WLB0U86sm/sbMcYuKDgsd7Vd1Vz4+l0Og4P9bS8srq2npmw97c2t7Zze7tV3WUKA4VHslI1X2mQYoQKihQQj1WwAJfQs3vX4/82gMoLaLwDgcxNAPWDUVHcIZGamUdSr2YKRRMUg/hEVWQykjroX1qz1i1+zTvgZQnw1Y25xScMegicackR6Yot7JfXjviSQAhcsm0brhOjM109DCXMLS9REPMeJ91oWFoyALQzXR82ZAeG6VNO5EyFSIdq7MTKQu0HgS+6QwY9vS8NxL/8xoJdi6bqQjjBCHkk486iaQY0VFMtC0UcJQDQxhXwuxKeY8pxtGEaZsQ3PmTF0n1rOCeF4q3xVzpahpHhhySI5InLrkgJXJDyqRCOHkiL+SNvFvP1qv1YX1OWpes6cwB+QPr+xeo/p95</latexit>

@loss/@W (`)

<latexit sha1_base64="Gpxg6Con6ev+/sQ+f4Irkuhzgrk=">AAACE3icbVDJSgNBEO2JW4xb1KOXxiBED3FGgnoMevEYwSyYiaGnU0ma9Cx014hhyD948Ve8eFDEqxdv/o2dBdHog4LHe1XdVc+LpNBo259Wam5+YXEpvZxZWV1b38hublV1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LN65+P/NotKC3C4AoHETR91g1ER3CGRmplD9yIKRRMUhfhDpWfyFDr4eG3fH2T5F2Qcn/Yyubsgj0G/UucKcmRKcqt7IfbDnnsQ4BcMq0bjh1hMxk9zCUMM26sIWK8z7rQMDRgPuhmMr5pSPeM0qadUJkKkI7VnxMJ87Ue+J7p9Bn29Kw3Ev/zGjF2TpuJCKIYIeCTjzqxpBjSUUC0LRRwlANDGFfC7Ep5jynG0cSYMSE4syf/JdWjgnNcKF4Wc6WzaRxpskN2SZ445ISUyAUpkwrh5J48kmfyYj1YT9ar9TZpTVnTmW3yC9b7F7XOnqw=</latexit>

@loss/@Z(`)
<latexit sha1_base64="Wo7UQOWSEqdAdWef4poKO73rtIY="></latexit>

@loss

@Z(`)
=

@A(`)

@Z(`)

@Z(`+1)

@A(`)

@A(`+1)

@Z(`+1)
· · · @A

(L�1)

@Z(L�1)

@Z(L)

@A(L�1)

@A(L)

@Z(L)

@loss

@A(L)

1x1 1x1 1x1 1x1 1x1 m 
l

 x n 
l m 

l
 x 1 1 x n 

l

n 
l

 x 1 n 
l

 x n 
l n 

l
 x n 

l+1 n 
l+1

 x n 
l+1 nL-1xnL-1 nL-1xnL nLxnL nLx1

• Can similarly show:
<latexit sha1_base64="/cTfo1Ziw+nfhWfZwPcJE2L07yQ=">AAACSXicdVDLSgMxFM20Pur4GnXpJlgE3dQZKepGKLpxWcFasVNrJr3V0MyD5I5Yhv6eG3fu/Ac3LhRxZVqLbw8EDuece5OcIJFCo+veW7n82PjEZGHKnp6ZnZt3FhaPdZwqDjUey1idBEyDFBHUUKCEk0QBCwMJ9aC7P/DrV6C0iKMj7CXQDNlFJDqCMzRSyzmn1E+YQsEk9RGuUYWZjLXu2xv2F6t+lq35IOV6v+Xau/+OfOinn3mn6JbcIehv4o1IkYxQbTl3fjvmaQgRcsm0bnhugs1ssJhL6Nt+qiFhvMsuoGFoxELQzWzYRJ+uGqVNO7EyJ0I6VL9OZCzUuhcGJhkyvNQ/vYH4l9dIsbPTzESUpAgRf7+ok0qKMR3USttCAUfZM4RxJcxbKb9kinE05dumBO/nl3+T482St1UqH5aLlb1RHQWyTFbIGvHINqmQA1IlNcLJDXkgT+TZurUerRfr9T2as0YzS+Qbcvk3sISxrg==</latexit>

@loss/@W (`)
0 = @loss/@Z(`)

with
<latexit sha1_base64="CZY4qCZZ732v9eZ1G3B9vJx/zuk=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUS9C1YvHCvYDtmvJpmkbmk2WZFYsS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZF8aCG3Ddb2dpeWV1bT23kd/c2t7ZLeztN4xKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1weDPxm49MG67kPYxiFkSkL3mPUwJW8q8e0pJ7MsaX+KlTKLpldwq8SLyMFFGGWqfw1e4qmkRMAhXEGN9zYwhSooFTwcb5dmJYTOiQ9JlvqSQRM0E6PXmMj63SxT2lbUnAU/X3REoiY0ZRaDsjAgMz703E/zw/gd5FkHIZJ8AknS3qJQKDwpP/cZdrRkGMLCFUc3srpgOiCQWbUt6G4M2/vEgap2XvrFy5qxSr11kcOXSIjlAJeegcVdEtqqE6okihZ/SK3hxwXpx352PWuuRkMwfoD5zPH1Q6j/4=</latexit>

A(0) = x
<latexit sha1_base64="YGMgHlwPNfBlmUOSn57t41IHNgs=">AAACQ3icbVBLTwIxGOziC/GFevTSSEwgKtk1RL2YoF48YiKPwALpli40dB9puyZks//Ni3/Am3/AiweN8WpigUURnKTJdOabfO1YPqNC6vqzllhYXFpeSa6m1tY3NrfS2zsV4QUckzL2mMdrFhKEUZeUJZWM1HxOkGMxUrX610O/ek+4oJ57Jwc+aTqo61KbYiSV1E7XL1th1iSM5SJ4Ae1WOORRtv6j5o5gfXqkOrmY0vMjOI kfG8o9/HWjtt5OZ/S8PgKcJ0ZMMiBGqZ1+MjseDhziSsyQEA1D92UzRFxSzEiUMgNBfIT7qEsairrIIaIZjjqI4IFSOtD2uDquhCN1OhEiR4iBY6lJB8memPWG4n9eI5D2eTOkrh9I4uLxIjtgUHpwWCjsUE6wZANFEOZUvRXiHuIIS1V7SpVgzH55nlRO8sZpvnBbyBSv4jqSYA/sgywwwBkoghtQAmWAwQN4AW/gXXvUXrUP7XM8mtDizC74A+3rG4FNra8=</latexit>

A(`) = f `(Z(`)), Z(`) = W (`)>A(`�1) +W (`)
0

• Lots of this computation will be shared across layers 
• More efficient to compute the shared parts only once



• General case: NN with L layers 
• Layer     has         inputs and                       outputs 

8

Taking derivatives for SGD
<latexit sha1_base64="4dO+dl+Mtar58ds6JIJ/ot8nSuA=">AAAB63icbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cK9gPaUDbbSbt0dxN2N0IJ/QtePCji1T/kzX9j0uagrQ8GHu/NMDMviAU31nW/ndLa+sbmVnm7srO7t39QPTxqmyjRDFssEpHuBtSg4ApblluB3VgjlYHATjC5y/3OE2rDI/VopzH6ko4UDzmjNpf6KMSgWnPr7hxklXgFqUGB5qD61R9GLJGoLBPUmJ7nxtZPqbacCZxV+onBmLIJHWEvo4pKNH46v3VGzjJlSMJIZ6Usmau/J1IqjZnKIOuU1I7NspeL/3m9xIY3fspVnFhUbLEoTASxEckfJ0OukVkxzQhlmme3EjammjKbxVPJQvCWX14l7Yu6d1W/fLisNW6LOMpwAqdwDh5cQwPuoQktYDCGZ3iFN0c6L86787FoLTnFzDH8gfP5AxBUjkQ=</latexit>

`
<latexit sha1_base64="UckIR46BdaDjWpe7YoAurqfJdJ0=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRahXsquFPVY9OKxgv2Adi3ZNNuGJtklyQpl6Y/w4kERr/4eb/4bs+0etPXBwOO9GWbmBTFn2rjut1NYW9/Y3Cpul3Z29/YPyodHbR0litAWiXikugHWlDNJW4YZTruxolgEnHaCyW3md56o0iySD2YaU1/gkWQhI9hYqSMe0yo/nw3KFbfmzoFWiZeTCuRoDspf/WFEEkGlIRxr3fPc2PgpVoYRTmelfqJpjMkEj2jPUokF1X46P3eGzqwyRGGkbEmD5urviRQLracisJ0Cm7Fe9jLxP6+XmPDaT5mME0MlWSwKE45MhLLf0ZApSgyfWoKJYvZWRMZYYWJsQiUbgrf88ippX9S8y1r9vl5p3ORxFOEETqEKHlxBA+6gCS0gMIFneIU3J3ZenHfnY9FacPKZY/gD5/MH4sKPSQ==</latexit>

m(l)
<latexit sha1_base64="fJ6v4qEDkfElBdmLNFFXs8fC8uA=">AAAB/HicbZDLSgMxFIYzXmu9jXbpJliEFqHMSFE3QtGNywr2Au1YMmmmDU0yQ5IRhqG+ihsXirj1Qdz5NmbaWWjrD4GP/5zDOfn9iFGlHefbWlldW9/YLGwVt3d29/btg8O2CmOJSQuHLJRdHynCqCAtTTUj3UgSxH1GOv7kJqt3HolUNBT3OomIx9FI0IBipI01sEviIa2w6hReQZ7RqVudDuyyU3Nmgsvg5lAGuZoD+6s/DHHMidCYIaV6rhNpL0VSU8zItNiPFYkQnqAR6RkUiBPlpbPjp/DEOEMYhNI8oeHM/T2RIq5Uwn3TyZEeq8VaZv5X68U6uPRSKqJYE4Hni4KYQR3CLAk4pJJgzRIDCEtqboV4jCTC2uRVNCG4i19ehvZZzT2v1e/q5cZ1HkcBHIFjUAEuuAANcAuaoAUwSMAzeAVv1pP1Yr1bH/PWFSufKYE/sj5/AFrrk0w=</latexit>

n(l) = m(l+1)

• To find                    , break off the “final” weight derivative 
<latexit sha1_base64="mY+PZFUqRe/kb2LCAz25eBmoZQA="></latexit>

@loss

@W (`)
j,k

=
@Z(`)

k

@W (`)
j,k

@loss

@Z(`)
k

= A(`�1)
j

@loss

@Z(`)
k

<latexit sha1_base64="1VVn+pX/ClRvHMHM5+I0IIfwVhA="></latexit>

@loss

@W (`)
= A(`�1)

✓
@loss

@Z(`)

◆>

• It remains to find

<latexit sha1_base64="1E3nAIeAJyLXaZENyeacugPu4Pk=">AAACGXicbVDJSgNBEO1xjeMW9eilMQjxEmckqMegF48RzAKZGHo6laRJz0J3jRiG/IYXf8WLB0U86sm/sbMcYuKDgsd7Vd1Vz4+l0Og4P9bS8srq2npmw97c2t7Zze7tV3WUKA4VHslI1X2mQYoQKihQQj1WwAJfQs3vX4/82gMoLaLwDgcxNAPWDUVHcIZGamUdSr2YKRRMUg/hEVWQykjroX1qz1i1+zTvgZQnw1Y25xScMegicackR6Yot7JfXjviSQAhcsm0brhOjM109DCXMLS9REPMeJ91oWFoyALQzXR82ZAeG6VNO5EyFSIdq7MTKQu0HgS+6QwY9vS8NxL/8xoJdi6bqQjjBCHkk486iaQY0VFMtC0UcJQDQxhXwuxKeY8pxtGEaZsQ3PmTF0n1rOCeF4q3xVzpahpHhhySI5InLrkgJXJDyqRCOHkiL+SNvFvP1qv1YX1OWpes6cwB+QPr+xeo/p95</latexit>

@loss/@W (`)

<latexit sha1_base64="Gpxg6Con6ev+/sQ+f4Irkuhzgrk=">AAACE3icbVDJSgNBEO2JW4xb1KOXxiBED3FGgnoMevEYwSyYiaGnU0ma9Cx014hhyD948Ve8eFDEqxdv/o2dBdHog4LHe1XdVc+LpNBo259Wam5+YXEpvZxZWV1b38hublV1GCsOFR7KUNU9pkGKACooUEI9UsB8T0LN65+P/NotKC3C4AoHETR91g1ER3CGRmplD9yIKRRMUhfhDpWfyFDr4eG3fH2T5F2Qcn/Yyubsgj0G/UucKcmRKcqt7IfbDnnsQ4BcMq0bjh1hMxk9zCUMM26sIWK8z7rQMDRgPuhmMr5pSPeM0qadUJkKkI7VnxMJ87Ue+J7p9Bn29Kw3Ev/zGjF2TpuJCKIYIeCTjzqxpBjSUUC0LRRwlANDGFfC7Ep5jynG0cSYMSE4syf/JdWjgnNcKF4Wc6WzaRxpskN2SZ445ISUyAUpkwrh5J48kmfyYj1YT9ar9TZpTVnTmW3yC9b7F7XOnqw=</latexit>

@loss/@Z(`)
<latexit sha1_base64="Wo7UQOWSEqdAdWef4poKO73rtIY="></latexit>

@loss

@Z(`)
=

@A(`)

@Z(`)

@Z(`+1)

@A(`)

@A(`+1)

@Z(`+1)
· · · @A

(L�1)

@Z(L�1)

@Z(L)

@A(L�1)

@A(L)

@Z(L)

@loss

@A(L)

1x1 1x1 1x1 1x1 1x1 m 
l

 x n 
l m 

l
 x 1 1 x n 

l

n 
l

 x 1 n 
l

 x n 
l n 

l
 x n 

l+1 n 
l+1

 x n 
l+1 nL-1xnL-1 nL-1xnL nLxnL nLx1

• Can similarly show:
<latexit sha1_base64="/cTfo1Ziw+nfhWfZwPcJE2L07yQ=">AAACSXicdVDLSgMxFM20Pur4GnXpJlgE3dQZKepGKLpxWcFasVNrJr3V0MyD5I5Yhv6eG3fu/Ac3LhRxZVqLbw8EDuece5OcIJFCo+veW7n82PjEZGHKnp6ZnZt3FhaPdZwqDjUey1idBEyDFBHUUKCEk0QBCwMJ9aC7P/DrV6C0iKMj7CXQDNlFJDqCMzRSyzmn1E+YQsEk9RGuUYWZjLXu2xv2F6t+lq35IOV6v+Xau/+OfOinn3mn6JbcIehv4o1IkYxQbTl3fjvmaQgRcsm0bnhugs1ssJhL6Nt+qiFhvMsuoGFoxELQzWzYRJ+uGqVNO7EyJ0I6VL9OZCzUuhcGJhkyvNQ/vYH4l9dIsbPTzESUpAgRf7+ok0qKMR3USttCAUfZM4RxJcxbKb9kinE05dumBO/nl3+T482St1UqH5aLlb1RHQWyTFbIGvHINqmQA1IlNcLJDXkgT+TZurUerRfr9T2as0YzS+Qbcvk3sISxrg==</latexit>

@loss/@W (`)
0 = @loss/@Z(`)

with
<latexit sha1_base64="CZY4qCZZ732v9eZ1G3B9vJx/zuk=">AAAB8nicbVBNSwMxEM36WetX1aOXYBHqpexKUS9C1YvHCvYDtmvJpmkbmk2WZFYsS3+GFw+KePXXePPfmLZ70NYHA4/3ZpiZF8aCG3Ddb2dpeWV1bT23kd/c2t7ZLeztN4xKNGV1qoTSrZAYJrhkdeAgWCvWjEShYM1weDPxm49MG67kPYxiFkSkL3mPUwJW8q8e0pJ7MsaX+KlTKLpldwq8SLyMFFGGWqfw1e4qmkRMAhXEGN9zYwhSooFTwcb5dmJYTOiQ9JlvqSQRM0E6PXmMj63SxT2lbUnAU/X3REoiY0ZRaDsjAgMz703E/zw/gd5FkHIZJ8AknS3qJQKDwpP/cZdrRkGMLCFUc3srpgOiCQWbUt6G4M2/vEgap2XvrFy5qxSr11kcOXSIjlAJeegcVdEtqqE6okihZ/SK3hxwXpx352PWuuRkMwfoD5zPH1Q6j/4=</latexit>

A(0) = x
<latexit sha1_base64="YGMgHlwPNfBlmUOSn57t41IHNgs=">AAACQ3icbVBLTwIxGOziC/GFevTSSEwgKtk1RL2YoF48YiKPwALpli40dB9puyZks//Ni3/Am3/AiweN8WpigUURnKTJdOabfO1YPqNC6vqzllhYXFpeSa6m1tY3NrfS2zsV4QUckzL2mMdrFhKEUZeUJZWM1HxOkGMxUrX610O/ek+4oJ57Jwc+aTqo61KbYiSV1E7XL1th1iSM5SJ4Ae1WOORRtv6j5o5gfXqkOrmY0vMjOI kfG8o9/HWjtt5OZ/S8PgKcJ0ZMMiBGqZ1+MjseDhziSsyQEA1D92UzRFxSzEiUMgNBfIT7qEsairrIIaIZjjqI4IFSOtD2uDquhCN1OhEiR4iBY6lJB8memPWG4n9eI5D2eTOkrh9I4uLxIjtgUHpwWCjsUE6wZANFEOZUvRXiHuIIS1V7SpVgzH55nlRO8sZpvnBbyBSv4jqSYA/sgywwwBkoghtQAmWAwQN4AW/gXXvUXrUP7XM8mtDizC74A+3rG4FNra8=</latexit>

A(`) = f `(Z(`)), Z(`) = W (`)>A(`�1) +W (`)
0

• Lots of this computation will be shared across layers 
• More efficient to compute the shared parts only once

Exercise: Check that you 
agree with these formulas!

Exercise: use these formulas to show that the  final derivatives w.r.t. W 
l are 

0 if any layer above l has step function activations


