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LINEAR CLASSIFIERS

feature vectors
vectors containing 

descriptions of objects

Rn

labels
+1/-1 labels indicating 

which “class” each vector 
lies in

+1

�1

training data x1
<latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit>

x2
<latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit>

x10
<latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit>
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LINEAR CLASSIFIERS

+1

�1

goal
learn a line that separates

 two object classes

slope

what line is best?

x1
<latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit>

x2
<latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit>

x10
<latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit>

xTw = 0
<latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="Ge61bU6wWdN8mMbUztW50MNrYIw="></latexit><latexit sha1_base64="5289yLqA94jhVjfi9wJjzidnEFE="></latexit><latexit sha1_base64="5289yLqA94jhVjfi9wJjzidnEFE="></latexit><latexit sha1_base64="KtRFKx0tyCuUrKVxvbz21hY45Ec="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit>
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SUPPORT VECTOR MACHINE

+1

�1

SVM
choose line with 

maximum “margin”
1

kwk

margin width = 
1

kwk

xTw = 0
<latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="Ge61bU6wWdN8mMbUztW50MNrYIw="></latexit><latexit sha1_base64="5289yLqA94jhVjfi9wJjzidnEFE="></latexit><latexit sha1_base64="5289yLqA94jhVjfi9wJjzidnEFE="></latexit><latexit sha1_base64="KtRFKx0tyCuUrKVxvbz21hY45Ec="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit><latexit sha1_base64="nFLeK4ln7JHD/O5SsZP/fZYfY1Q="></latexit>

xTw = 1
<latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit>

xTw = �1
<latexit sha1_base64="U2hGd/A+p4bktuE6NvkWSgKqmSU="></latexit><latexit sha1_base64="U2hGd/A+p4bktuE6NvkWSgKqmSU="></latexit><latexit sha1_base64="U2hGd/A+p4bktuE6NvkWSgKqmSU="></latexit><latexit sha1_base64="U2hGd/A+p4bktuE6NvkWSgKqmSU="></latexit>4



SUPPORT VECTOR MACHINE

+1

�1

1

kwk

hinge loss
penalize points that
lie within the margin

xTw = 1
<latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit>

X

i

h(xT
i w)

<latexit sha1_base64="TI3mOjrdT0Hj6Lpp52XLJs6irkc="></latexit><latexit sha1_base64="TI3mOjrdT0Hj6Lpp52XLJs6irkc="></latexit><latexit sha1_base64="TI3mOjrdT0Hj6Lpp52XLJs6irkc="></latexit><latexit sha1_base64="TI3mOjrdT0Hj6Lpp52XLJs6irkc="></latexit>
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SUPPORT VECTOR MACHINE

+1

�1

1

kwk

hinge loss
penalize points that
lie within the margin

For class -1…

In general…

X

i

h(xT
i w)

<latexit sha1_base64="TI3mOjrdT0Hj6Lpp52XLJs6irkc="></latexit><latexit sha1_base64="TI3mOjrdT0Hj6Lpp52XLJs6irkc="></latexit><latexit sha1_base64="TI3mOjrdT0Hj6Lpp52XLJs6irkc="></latexit><latexit sha1_base64="TI3mOjrdT0Hj6Lpp52XLJs6irkc="></latexit>

X

i

h(�xT
i w)

<latexit sha1_base64="pZ6aKYqYt75iAbeGKEhmSDK3z5o="></latexit><latexit sha1_base64="pZ6aKYqYt75iAbeGKEhmSDK3z5o="></latexit><latexit sha1_base64="pZ6aKYqYt75iAbeGKEhmSDK3z5o="></latexit><latexit sha1_base64="pZ6aKYqYt75iAbeGKEhmSDK3z5o="></latexit>

X

i

h(yi · xT
i w)

<latexit sha1_base64="TOhIczaiavgvVGZ4teYUEE81SOs="></latexit><latexit sha1_base64="TOhIczaiavgvVGZ4teYUEE81SOs="></latexit><latexit sha1_base64="TOhIczaiavgvVGZ4teYUEE81SOs="></latexit><latexit sha1_base64="TOhIczaiavgvVGZ4teYUEE81SOs="></latexit>

xTw = 1
<latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit>
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SUPPORT VECTOR MACHINE

+1

�1

1

kwk

In general…

short-hand 

combined objective

margin width = 
1

kwk

X

i

h(yi · xT
i w)

<latexit sha1_base64="TOhIczaiavgvVGZ4teYUEE81SOs="></latexit><latexit sha1_base64="TOhIczaiavgvVGZ4teYUEE81SOs="></latexit><latexit sha1_base64="TOhIczaiavgvVGZ4teYUEE81SOs="></latexit><latexit sha1_base64="TOhIczaiavgvVGZ4teYUEE81SOs="></latexit>

xTw = 1
<latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit><latexit sha1_base64="ktpEiGZvUnT0YNmQlakvsEtGxxw="></latexit>

h(X̂w)
<latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit><latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit><latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit><latexit sha1_base64="Ge61bU6wWdN8mMbUztW50MNrYIw="></latexit><latexit sha1_base64="4rgbcxblXE5KOVdEJOZjVhnvgZQ="></latexit><latexit sha1_base64="4rgbcxblXE5KOVdEJOZjVhnvgZQ="></latexit><latexit sha1_base64="V1/gRVqxUmCLyIB6CUjtAb6KVx0="></latexit><latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit><latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit><latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit><latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit><latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit><latexit sha1_base64="N6ERfGs/xo6Ocy7TEDclE7HFFSc="></latexit>

minimize
1

2
kwk2 + h(X̂w)

<latexit sha1_base64="cQud8pHUqYoN4OYN1TpsxE3fzSU=">AAAIOXicfVVNjxs1GJ4WaMrytYUjl1HTSlu6rTIREhxbFiE4rChVd7vSejfyOJ6MiT+mtqdJ8PrOr+EKEr+EIzfElR8ArycJTTyT9WHmtZ/Hz+v3ff2RV5wZOxj8cePmW2+/c6t3+929997/4MOP9u98fGpUrQk9IYorfZZjQzmT9MQyy+lZpSkWOacv8+lRwF++ptowJV/YRUUvBJ5IVjCCLQyN9u8iwSQT7CeaohLzIkVXM3 </latexit><latexit sha1_base64="cQud8pHUqYoN4OYN1TpsxE3fzSU=">AAAIOXicfVVNjxs1GJ4WaMrytYUjl1HTSlu6rTIREhxbFiE4rChVd7vSejfyOJ6MiT+mtqdJ8PrOr+EKEr+EIzfElR8ArycJTTyT9WHmtZ/Hz+v3ff2RV5wZOxj8cePmW2+/c6t3+929997/4MOP9u98fGpUrQk9IYorfZZjQzmT9MQyy+lZpSkWOacv8+lRwF++ptowJV/YRUUvBJ5IVjCCLQyN9u8iwSQT7CeaohLzIkVXM3 </latexit><latexit sha1_base64="cQud8pHUqYoN4OYN1TpsxE3fzSU=">AAAIOXicfVVNjxs1GJ4WaMrytYUjl1HTSlu6rTIREhxbFiE4rChVd7vSejfyOJ6MiT+mtqdJ8PrOr+EKEr+EIzfElR8ArycJTTyT9WHmtZ/Hz+v3ff2RV5wZOxj8cePmW2+/c6t3+929997/4MOP9u98fGpUrQk9IYorfZZjQzmT9MQyy+lZpSkWOacv8+lRwF++ptowJV/YRUUvBJ5IVjCCLQyN9u8iwSQT7CeaohLzIkVXM3 </latexit><latexit sha1_base64="cQud8pHUqYoN4OYN1TpsxE3fzSU=">AAAIOXicfVVNjxs1GJ4WaMrytYUjl1HTSlu6rTIREhxbFiE4rChVd7vSejfyOJ6MiT+mtqdJ8PrOr+EKEr+EIzfElR8ArycJTTyT9WHmtZ/Hz+v3ff2RV5wZOxj8cePmW2+/c6t3+929997/4MOP9u98fGpUrQk9IYorfZZjQzmT9MQyy+lZpSkWOacv8+lRwF++ptowJV/YRUUvBJ5IVjCCLQyN9u8iwSQT7CeaohLzIkVXM3 </latexit> 7
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LOGISTIC REGRESSION

Rn

1

�1

x1
<latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit>

x2
<latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit>

x10
<latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit>

f(z) =
ez

1 + ez
<latexit sha1_base64="ZcGs71viz1m6lIQNkehq6MiY6O8="></latexit><latexit sha1_base64="ZcGs71viz1m6lIQNkehq6MiY6O8="></latexit><latexit sha1_base64="ZcGs71viz1m6lIQNkehq6MiY6O8="></latexit><latexit sha1_base64="ZcGs71viz1m6lIQNkehq6MiY6O8="></latexit>

P[y = 1] =
ex

Tw

1 + exTw
<latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit>

P[y = �1] = 1� ex
Tw

1 + exTw
=

1

1 + exTw
<latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc=">AAAIXXicfVVdb9s2FFW7tXWzrk27hz30hZhbIFuTwjIGdC8B2mYotodg2dCkAUzHoGjK4kyRKkk1dln+o/2avQ0bsJ+yXcp2a0ty+CBd8hyey3svP5JCcGN7vb+uXf/s8xs3b3Vu73xx58u793bvPzgzqtSUnVIllD5PiGGCS3ZquRXsvNCM5Ilgb5LpUcDfvGPacCVf23nBhjmZSJ5ySiwMjXZf4ZzYLEnciR/MDw/iIUKHKD </latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc=">AAAIXXicfVVdb9s2FFW7tXWzrk27hz30hZhbIFuTwjIGdC8B2mYotodg2dCkAUzHoGjK4kyRKkk1dln+o/2avQ0bsJ+yXcp2a0ty+CBd8hyey3svP5JCcGN7vb+uXf/s8xs3b3Vu73xx58u793bvPzgzqtSUnVIllD5PiGGCS3ZquRXsvNCM5Ilgb5LpUcDfvGPacCVf23nBhjmZSJ5ySiwMjXZf4ZzYLEnciR/MDw/iIUKHKD </latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc=">AAAIXXicfVVdb9s2FFW7tXWzrk27hz30hZhbIFuTwjIGdC8B2mYotodg2dCkAUzHoGjK4kyRKkk1dln+o/2avQ0bsJ+yXcp2a0ty+CBd8hyey3svP5JCcGN7vb+uXf/s8xs3b3Vu73xx58u793bvPzgzqtSUnVIllD5PiGGCS3ZquRXsvNCM5Ilgb5LpUcDfvGPacCVf23nBhjmZSJ5ySiwMjXZf4ZzYLEnciR/MDw/iIUKHKD </latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc=">AAAIXXicfVVdb9s2FFW7tXWzrk27hz30hZhbIFuTwjIGdC8B2mYotodg2dCkAUzHoGjK4kyRKkk1dln+o/2avQ0bsJ+yXcp2a0ty+CBd8hyey3svP5JCcGN7vb+uXf/s8xs3b3Vu73xx58u793bvPzgzqtSUnVIllD5PiGGCS3ZquRXsvNCM5Ilgb5LpUcDfvGPacCVf23nBhjmZSJ5ySiwMjXZf4ZzYLEnciR/MDw/iIUKHKD </latexit> 8



LIKELIHOOD FUNCTIONS

Rn

1
case: observed y=1

probability of observing label
given data

case: observed y=-1

�1

x1
<latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit><latexit sha1_base64="9JGQfy+7Gw9YhrMXrH4ACeo3vAc=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmTFUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRj9luY=</latexit>

x2
<latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit><latexit sha1_base64="iazNPFNY61MpOP+kSj++/q5321U=">AAACAXicbZDLSsNAFIZP6q3GW9Wlm2ARXJWkCLosunFZ0V6gDWUyPWmHTiZhZiKW0JVrt/oM7sStT+Ij+BZO2yxs64GBj/8/h3PmDxLOlHbdb6uwtr6xuVXctnd29/YPSodHTRWnkmKDxjyW7YAo5ExgQzPNsZ1IJFHAsRWMbqZ+6xGlYrF40OME/YgMBAsZJdpI90+9aq9UdivurJxV8HIoQ171Xumn249pGqHQlBOlOp6baD8jUjPKcWJ3U4UJoSMywI5BQSJUfjY7deKcGaXvhLE0T2hnpv6dyEik1DgKTGdE9FAte1PxP6+T6vDKz5hIUo2CzheFKXd07Ez/7fSZRKr52AChkplbHTokklBt0rHthT2CUQyNNTHZeMtJrEKzWvEM312Ua9d5SkU4gVM4Bw8uoQa3UIcGUBjAC7zCm/VsvVsf1ue8tWDlM8ewUNbXLxqYluc=</latexit>

x10
<latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit><latexit sha1_base64="EmkzqI653KjSckWFoslbeEpd0RU=">AAACBHicbZDLSsNAFIZPvNZ4q7p0EyyCq5KIoMuiG5cV7AXaUCbTk3bsZBJmJmIJ3bp2q8/gTtz6Hj6Cb+GkzcK2Hhj4+P9zOGf+IOFMadf9tlZW19Y3Nktb9vbO7t5++eCwqeJUUmzQmMeyHRCFnAlsaKY5thOJJAo4toLRTe63HlEqFot7PU7Qj8hAsJBRoo3UfOplnjvplStu1Z2WswxeARUoqt4r/3T7MU0jFJpyolTHcxPtZ0RqRjlO7G6qMCF0RAbYMShIhMrPptdOnFOj9J0wluYJ7UzVvxMZiZQaR4HpjIgeqkUvF//zOqkOr/yMiSTVKOhsUZhyR8dO/nWnzyRSzccGCJXM3OrQIZGEahOQbc/tEYxiaKw8G28xiWVonlc9w3cXldp1kVIJjuEEzsCDS6jBLdShARQe4AVe4c16tt6tD+tz1rpiFTNHMFfW1y9n3pgs</latexit>

P[y = 1] =
ex

Tw

1 + exTw
<latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit>

NLL(x) = log(1 + ex
Tw)� xTw

<latexit sha1_base64="YRBDAHG7tnecFWsc58MRzaQyDlo="></latexit><latexit sha1_base64="YRBDAHG7tnecFWsc58MRzaQyDlo="></latexit><latexit sha1_base64="YRBDAHG7tnecFWsc58MRzaQyDlo="></latexit><latexit sha1_base64="YRBDAHG7tnecFWsc58MRzaQyDlo="></latexit>

P[y = �1] = 1� ex
Tw

1 + exTw
=

1

1 + exTw
<latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc="></latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc="></latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc="></latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc="></latexit>

NLL(x) = log(1 + ex
Tw)

<latexit sha1_base64="zZm70UPfC0T9vxl2JgF2s7aQcS8="></latexit><latexit sha1_base64="zZm70UPfC0T9vxl2JgF2s7aQcS8="></latexit><latexit sha1_base64="zZm70UPfC0T9vxl2JgF2s7aQcS8="></latexit><latexit sha1_base64="zZm70UPfC0T9vxl2JgF2s7aQcS8="></latexit>
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LIKELIHOOD FUNCTIONS

case: observed y=1

probability of observing label
given data

−8 −6 −4 −2 0 2 4 6 8
0

1

2

3

4
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7

8

−8 −6 −4 −2 0 2 4 6 8
0

1

2

3

4

5

6

7

8

case: observed y=-1

P[y = 1] =
ex

Tw

1 + exTw
<latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit><latexit sha1_base64="1+DNhA5MD9Hh/GGbD/+YFZrWGz4="></latexit>

NLL(x) = log(1 + ex
Tw)� xTw

<latexit sha1_base64="YRBDAHG7tnecFWsc58MRzaQyDlo="></latexit><latexit sha1_base64="YRBDAHG7tnecFWsc58MRzaQyDlo="></latexit><latexit sha1_base64="YRBDAHG7tnecFWsc58MRzaQyDlo="></latexit><latexit sha1_base64="YRBDAHG7tnecFWsc58MRzaQyDlo="></latexit>

P[y = �1] = 1� ex
Tw

1 + exTw
=

1

1 + exTw
<latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc=">AAAIXXicfVVdb9s2FFW7tXWzrk27hz30hZhbIFuTwjIGdC8B2mYotodg2dCkAUzHoGjK4kyRKkk1dln+o/2avQ0bsJ+yXcp2a0ty+CBd8hyey3svP5JCcGN7vb+uXf/s8xs3b3Vu73xx58u793bvPzgzqtSUnVIllD5PiGGCS3ZquRXsvNCM5Ilgb5LpUcDfvGPacCVf23nBhjmZSJ5ySiwMjXZf4ZzYLEnciR/MDw/iIUKHKD </latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc=">AAAIXXicfVVdb9s2FFW7tXWzrk27hz30hZhbIFuTwjIGdC8B2mYotodg2dCkAUzHoGjK4kyRKkk1dln+o/2avQ0bsJ+yXcp2a0ty+CBd8hyey3svP5JCcGN7vb+uXf/s8xs3b3Vu73xx58u793bvPzgzqtSUnVIllD5PiGGCS3ZquRXsvNCM5Ilgb5LpUcDfvGPacCVf23nBhjmZSJ5ySiwMjXZf4ZzYLEnciR/MDw/iIUKHKD </latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc=">AAAIXXicfVVdb9s2FFW7tXWzrk27hz30hZhbIFuTwjIGdC8B2mYotodg2dCkAUzHoGjK4kyRKkk1dln+o/2avQ0bsJ+yXcp2a0ty+CBd8hyey3svP5JCcGN7vb+uXf/s8xs3b3Vu73xx58u793bvPzgzqtSUnVIllD5PiGGCS3ZquRXsvNCM5Ilgb5LpUcDfvGPacCVf23nBhjmZSJ5ySiwMjXZf4ZzYLEnciR/MDw/iIUKHKD </latexit><latexit sha1_base64="dKpBsaw+Gov8d0GkvFwzyxm/GIc=">AAAIXXicfVVdb9s2FFW7tXWzrk27hz30hZhbIFuTwjIGdC8B2mYotodg2dCkAUzHoGjK4kyRKkk1dln+o/2avQ0bsJ+yXcp2a0ty+CBd8hyey3svP5JCcGN7vb+uXf/s8xs3b3Vu73xx58u793bvPzgzqtSUnVIllD5PiGGCS3ZquRXsvNCM5Ilgb5LpUcDfvGPacCVf23nBhjmZSJ5ySiwMjXZf4ZzYLEnciR/MDw/iIUKHKD </latexit>

NLL(x) = log(1 + ex
Tw)

<latexit sha1_base64="zZm70UPfC0T9vxl2JgF2s7aQcS8="></latexit><latexit sha1_base64="zZm70UPfC0T9vxl2JgF2s7aQcS8="></latexit><latexit sha1_base64="zZm70UPfC0T9vxl2JgF2s7aQcS8="></latexit><latexit sha1_base64="zZm70UPfC0T9vxl2JgF2s7aQcS8="></latexit>

`(z, y = 1) = log(1 + ez)� z
<latexit sha1_base64="2kb8SKZWF4kaY5tEDA2UBknVw2k="></latexit><latexit sha1_base64="2kb8SKZWF4kaY5tEDA2UBknVw2k="></latexit><latexit sha1_base64="2kb8SKZWF4kaY5tEDA2UBknVw2k="></latexit><latexit sha1_base64="2kb8SKZWF4kaY5tEDA2UBknVw2k="></latexit>

`(z, y = �1) = log(1 + ez)
<latexit sha1_base64="n1YX+77k86hNfx3eUJ0ztDmOBL4="></latexit><latexit sha1_base64="n1YX+77k86hNfx3eUJ0ztDmOBL4="></latexit><latexit sha1_base64="n1YX+77k86hNfx3eUJ0ztDmOBL4="></latexit><latexit sha1_base64="n1YX+77k86hNfx3eUJ0ztDmOBL4="></latexit>
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NEURAL NET BASICS
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NEURAL NETWORKS

yi

W1 W2 W3

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>
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ARTIFICIAL NEURON
w1

w2

w3

w4

f

 
X

i

wizi

!
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NEURAL NETWORKS

yi

W1 W2 W3

xi
<latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit><latexit sha1_base64="g8wJ+ZHxYyKbBPPdq+wWn+aMJqg="></latexit>

f(f(f(xiW1)W2)W3) = yi
<latexit sha1_base64="aTP2Cks4dzY9fYBCpOmyEbhdJfM="></latexit><latexit sha1_base64="aTP2Cks4dzY9fYBCpOmyEbhdJfM="></latexit><latexit sha1_base64="aTP2Cks4dzY9fYBCpOmyEbhdJfM="></latexit><latexit sha1_base64="aTP2Cks4dzY9fYBCpOmyEbhdJfM="></latexit>
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TRAINING

least-squares loss

“cross entropy”/log-likelihood loss

l(z, y) =

(
� log(z), y = 1

� log(1� z), y = �1

`(z, y) = (z � y)2

f(f(f(xiW1)W2)W3) = yi
<latexit sha1_base64="aTP2Cks4dzY9fYBCpOmyEbhdJfM="></latexit><latexit sha1_base64="aTP2Cks4dzY9fYBCpOmyEbhdJfM="></latexit><latexit sha1_base64="aTP2Cks4dzY9fYBCpOmyEbhdJfM="></latexit><latexit sha1_base64="aTP2Cks4dzY9fYBCpOmyEbhdJfM="></latexit>

min
W1,W2,W3

X

i

kf(f(f(xiW1)W2)W3)� yik2
<latexit sha1_base64="NcUWFbZvpWxuwI3vLFxTxHFMt2w="></latexit><latexit sha1_base64="NcUWFbZvpWxuwI3vLFxTxHFMt2w="></latexit><latexit sha1_base64="NcUWFbZvpWxuwI3vLFxTxHFMt2w="></latexit><latexit sha1_base64="NcUWFbZvpWxuwI3vLFxTxHFMt2w="></latexit>

min
W1,W2,W3

X

i

`(f(f(f(xiW1)W2)W3), yi)
<latexit sha1_base64="Udb8UqqSEOWRlqYBXzJkC8ecH/E="></latexit><latexit sha1_base64="Udb8UqqSEOWRlqYBXzJkC8ecH/E="></latexit><latexit sha1_base64="Udb8UqqSEOWRlqYBXzJkC8ecH/E="></latexit><latexit sha1_base64="Udb8UqqSEOWRlqYBXzJkC8ecH/E="></latexit>
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MULTI-CLASS NETWORK

0

0

1

“ones hot”
representation

target label

.75

�.1

1.5

interpretable?

yi

x1
i

<latexit sha1_base64="jsjIGA6uV6ROAwhNvcPtk++99fU="></latexit><latexit sha1_base64="jsjIGA6uV6ROAwhNvcPtk++99fU="></latexit><latexit sha1_base64="jsjIGA6uV6ROAwhNvcPtk++99fU="></latexit><latexit sha1_base64="jsjIGA6uV6ROAwhNvcPtk++99fU="></latexit>

x2
i

<latexit sha1_base64="vk5i50e3P41xVFZwmxE8a670Wm8="></latexit><latexit sha1_base64="vk5i50e3P41xVFZwmxE8a670Wm8="></latexit><latexit sha1_base64="vk5i50e3P41xVFZwmxE8a670Wm8="></latexit><latexit sha1_base64="vk5i50e3P41xVFZwmxE8a670Wm8="></latexit>

x3
i

<latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="Ge61bU6wWdN8mMbUztW50MNrYIw="></latexit><latexit sha1_base64="nsRL+vpD7eLBy97vSRpJByw+QFI="></latexit><latexit sha1_base64="nsRL+vpD7eLBy97vSRpJByw+QFI="></latexit><latexit sha1_base64="bhiDCtqGpiPLVfKRpDWteHpdk8w="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit>
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0

0

1

“ones hot”
representation

target label

.75

�.1

1.5

MULTI-CLASS NETWORK

.09

.01

.9

probability interpretation

x1
i

<latexit sha1_base64="jsjIGA6uV6ROAwhNvcPtk++99fU="></latexit><latexit sha1_base64="jsjIGA6uV6ROAwhNvcPtk++99fU="></latexit><latexit sha1_base64="jsjIGA6uV6ROAwhNvcPtk++99fU="></latexit><latexit sha1_base64="jsjIGA6uV6ROAwhNvcPtk++99fU="></latexit>

x2
i

<latexit sha1_base64="vk5i50e3P41xVFZwmxE8a670Wm8="></latexit><latexit sha1_base64="vk5i50e3P41xVFZwmxE8a670Wm8="></latexit><latexit sha1_base64="vk5i50e3P41xVFZwmxE8a670Wm8="></latexit><latexit sha1_base64="vk5i50e3P41xVFZwmxE8a670Wm8="></latexit>

x3
i

<latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="Ge61bU6wWdN8mMbUztW50MNrYIw="></latexit><latexit sha1_base64="nsRL+vpD7eLBy97vSRpJByw+QFI="></latexit><latexit sha1_base64="nsRL+vpD7eLBy97vSRpJByw+QFI="></latexit><latexit sha1_base64="bhiDCtqGpiPLVfKRpDWteHpdk8w="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit><latexit sha1_base64="nkgxV/jdGcIqbykSD7fvJL4qCFA="></latexit>
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.75

�.1

1.5

SOFTMAX

.09

.01

.9

ez1

ez2

ez3

make
non-negative

X

i

ezi

compute
normalization

ez1P
i e

zi

ez2P
i e

zi

ez3P
i e

zi

probabilities
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.75

�.1

1.5

CROSS-ENTROPY LOSS

.09

.01

.9

0

0

1

target label

NLL= � log(.9)

`(x, y) = �
X

k

yk log(xk)

yi

y1i

y2i

y3i

“cross entropy loss”
is negative log likelihood

19



BUILDING MORE COMPLEX 
NETS

20



CONVOLUTIONAL NET

image weights

ball car
grumpy

 cat

hat

One’s hot label

x y
w1

<latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit>

wi
<latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit>

f(x;w) ! y

.05 .1 .9 .04
<latexit sha1_base64="xcDhVZtEZdTzCsw2Xjrl7cB3BKI="></latexit>
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CONVOLUTIONAL NET

ball car
grumpy

 cat

hat

One’s hot label

x y
w1

<latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit>

wi
<latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit> .05 .1 .9 .04

<latexit sha1_base64="xcDhVZtEZdTzCsw2Xjrl7cB3BKI="></latexit>

Three ingredients
• convolutions
• non-linearities
• skip connections
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CONVOLUTION

xInput 
image

w1
<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>

Convolutional filter

5 3 8

12
7

1 9 4
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xInput 
image

w1
<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>

CONVOLUTION
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xInput 
image w1

<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>

CONVOLUTION
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xInput 
image

w1
<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>
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xInput 
image

w1
<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>
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xInput 
image

w1
<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>
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xInput 
image

w1
<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>
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xInput 
image

w1
<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>
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VARIANTS OF CONV
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3x3 conv 
produces 

feature maps  
that are 2 units 

smaller

PADDING

x
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PADDING

padding=1

x

Output is same size 
as input 
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STRIDE

stride=2 cuts 
resolution by 

half

x x
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TRANSPOSE / DECONVOLUTION

x x

xx
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RELU
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xInput 
image

RELU NONLINEARITY
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0
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remove negatives

w1
<latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit><latexit sha1_base64="OJ+lcsmiQh5EQyty2OG5Qk7ZLPU=">AAACAXicbZDPSgMxEMZn67+6/qt69BIsgqeyK4Iei148VrSt0C4lm862odnskmSVUnry7FWfwZt49Ul8BN/CtN2DbR0I/Pi+GWbyhang2njet1NYWV1b3yhuulvbO7t7pf2Dhk4yxbDOEpGoh5BqFFxi3XAj8CFVSONQYDMcXE/85iMqzRN5b4YpBjHtSR5xRo2V7p46fqdU9iretMgy+DmUIa9ap/TT7iYsi1EaJqjWLd9LTTCiynAmcOy2M40pZQPaw5ZFSWPUwWh66picWKVLokTZJw2Zqn8nRjTWehiHtjOmpq8XvYn4n9fKTHQZjLhMM4OSzRZFmSAmIZN/ky5XyIwYWqBMcXsrYX2qKDM2Hded2yM5w8haY5uNv5jEMjTOKr7l2/Ny9SpPqQhHcAyn4MMFVOEGalAHBj14gVd4c56dd+fD+Zy1Fpx85hDmyvn6BRdgluU=</latexit>
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“Feature map”
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POOLING
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POOLING
moving to lower resolutions
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Max pooling

Average pooling

Strided convolution
(aka downsampling)
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THAT’S ALL YOU NEED!

image weights

ball car
grumpy

 cat

hat

One’s hot label

x y
w1

<latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit><latexit sha1_base64="UfjSuN0X3dJRIR9aQfKBZasZn34=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXX9bqnsVbwpyDLxc1KGHLVu6afdi1ka oTRMUK1bvpeYTkaV4Uzg2G2nGhPKhrSPLUsljVB3sumpY3JilR4JY2VLGjJV/05kNNJ6FAW2M6JmoBe9ifif10pNeNnJuExSg5LNFoWpICYmk79JjytkRowsoUxxeythA6ooMzYd153bIznD0Fpjm42/mMQyaZxVfK/i356Xq1d5SkU4gmM4BR8uoAo3UIM6MOjDC7zCm/PsvDsfzuesteDkM4cwB+frFxdeluU=</latexit>

wi
<latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit><latexit sha1_base64="d96mskUPBfSUp9ih23g0ari3WWA=">AAACAXicbVA9SwNBEJ2LX/H8ilraLAbBKtyJoGXQxjKiSYQkhL3NXLJkb+/Y3VPCkcraVn+Dndj6S/wJ/gs3yRUm8cHA470ZZuYFieDaeN63U1hZXVvfKG66W9s7u3ul/YOGjlPFsM5iEauHgGoUXGLdcCPwIVFIo0BgMxheT/zmIyrNY3lvRgl2ItqXPOSMGivdPXV5t1T2Kt4UZJn4OSlDjlq39NPuxSyNUBomqNYt30tMJ6PKcCZw7LZTjQllQ9rHlqWSRqg72fTUMTmxSo+EsbIlDZmqfycyGmk9igLbGVEz0IveRPzPa6UmvOxkXCapQclmi8JUEBOTyd+kxxUyI0aWUKa4vZWwAVWUGZuO687tkZxhaK2xzcZfTGKZNM4qvlfxb8/L1as8pSIcwTGcgg8XUIUbqEEdGPThBV7hzXl23p0P53PWWnDymUOYg/P1C3FGlx0=</latexit>

f(x;w) ! y

.05 .1 .9 .04
<latexit sha1_base64="xcDhVZtEZdTzCsw2Xjrl7cB3BKI="></latexit>
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