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Outline 

• layers: 
• activation function (i.e. non-linearities) 
• batch normalization layer 
• max-pooling layer 
• loss-layers 

• summary of the learning procedure 
• train, test, val data,  
• hyper-parameters,  
• regularizations
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Activation functions
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*
x1

<latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit>

*
w2

<latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit>

+ �(v)
<latexit sha1_base64="zFaocIklijjBwSUnvW6N5LUWKgI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZgNhyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0N/NbY6oNU/LRThIaCjyQLGYEWyc9dQ0bCFwZX/RKZb/qz4FWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp9NiNzU0wWSEB7TjqMSCmjCbHzxF507po1hpV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkwmqaWSLBbFKUdWodn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0L6uBXw0ersq12zyOApzCGVQggGuowT3UoQEEBDzDK7x52nvx3r2PReual8+cwB94nz9A9pAI</latexit><latexit sha1_base64="zFaocIklijjBwSUnvW6N5LUWKgI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZgNhyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0N/NbY6oNU/LRThIaCjyQLGYEWyc9dQ0bCFwZX/RKZb/qz4FWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp9NiNzU0wWSEB7TjqMSCmjCbHzxF507po1hpV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkwmqaWSLBbFKUdWodn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0L6uBXw0ersq12zyOApzCGVQggGuowT3UoQEEBDzDK7x52nvx3r2PReual8+cwB94nz9A9pAI</latexit><latexit sha1_base64="zFaocIklijjBwSUnvW6N5LUWKgI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZgNhyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0N/NbY6oNU/LRThIaCjyQLGYEWyc9dQ0bCFwZX/RKZb/qz4FWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp9NiNzU0wWSEB7TjqMSCmjCbHzxF507po1hpV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkwmqaWSLBbFKUdWodn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0L6uBXw0ersq12zyOApzCGVQggGuowT3UoQEEBDzDK7x52nvx3r2PReual8+cwB94nz9A9pAI</latexit><latexit sha1_base64="zFaocIklijjBwSUnvW6N5LUWKgI=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBDiJeyKoMegF48RzEOSJcxOZpMh81hmZgNhyVd48aCIVz/Hm3/jJNmDJhY0FFXddHdFCWfG+v63t7a+sbm1Xdgp7u7tHxyWjo6bRqWa0AZRXOl2hA3lTNKGZZbTdqIpFhGnrWh0N/NbY6oNU/LRThIaCjyQLGYEWyc9dQ0bCFwZX/RKZb/qz4FWSZCTMuSo90pf3b4iqaDSEo6N6QR+YsMMa8sIp9NiNzU0wWSEB7TjqMSCmjCbHzxF507po1hpV9Kiufp7IsPCmImIXKfAdmiWvZn4n9dJbXwTZkwmqaWSLBbFKUdWodn3qM80JZZPHMFEM3crIkOsMbEuo6ILIVh+eZU0L6uBXw0ersq12zyOApzCGVQggGuowT3UoQEEBDzDK7x52nvx3r2PReual8+cwB94nz9A9pAI</latexit>

p
<latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit><latexit sha1_base64="dTdQoi/RmnNb7oXR1Ekp6K89DYw="></latexit>

y1
<latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit><latexit sha1_base64="dFpwFkqSE/qJSmPpk9iKmxkVioY=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7EyGE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST25nfeeLaiFg9YpZwP6IjJULBKFrpIRt4g2rNrbtzkFXiFaQGBZqD6ld/GLM04gqZpMb0PDdBP6caBZN8WumnhieUTeiI9yxVNOLGz+enTsmZVYYkjLUthWSu/p7IaWRMFgW2M6I4NsveTPzP66UYXvu5UEmKXLHFojCVBGMy+5sMheYMZWYJZVrYWwkbU00Z2nQqNgRv+eVV0r6oe27du7+sNW6KOMpwAqdwDh5cQQPuoAktYDCCZ3iFN0c6L86787FoLTnFzDH8gfP5Aw02jaE=</latexit>

y2
<latexit sha1_base64="D3AX+j/PE1m53fMd5IxYxCDCOuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM120i7dbMLuRgihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfmdJ1Sax/LRZAn6ER1JHnJGjZUeskF9UKm6NXcOskq8glShQHNQ+eoPY5ZGKA0TVOue5ybGz6kynAmclvupxoSyCR1hz1JJI9R+Pj91Ss6tMiRhrGxJQ+bq74mcRlpnUWA7I2rGetmbif95vdSE137OZZIalGyxKEwFMTGZ/U2GXCEzIrOEMsXtrYSNqaLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0rjnFzAn8gfP5Aw66jaI=</latexit><latexit sha1_base64="D3AX+j/PE1m53fMd5IxYxCDCOuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM120i7dbMLuRgihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfmdJ1Sax/LRZAn6ER1JHnJGjZUeskF9UKm6NXcOskq8glShQHNQ+eoPY5ZGKA0TVOue5ybGz6kynAmclvupxoSyCR1hz1JJI9R+Pj91Ss6tMiRhrGxJQ+bq74mcRlpnUWA7I2rGetmbif95vdSE137OZZIalGyxKEwFMTGZ/U2GXCEzIrOEMsXtrYSNqaLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0rjnFzAn8gfP5Aw66jaI=</latexit><latexit sha1_base64="D3AX+j/PE1m53fMd5IxYxCDCOuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM120i7dbMLuRgihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfmdJ1Sax/LRZAn6ER1JHnJGjZUeskF9UKm6NXcOskq8glShQHNQ+eoPY5ZGKA0TVOue5ybGz6kynAmclvupxoSyCR1hz1JJI9R+Pj91Ss6tMiRhrGxJQ+bq74mcRlpnUWA7I2rGetmbif95vdSE137OZZIalGyxKEwFMTGZ/U2GXCEzIrOEMsXtrYSNqaLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0rjnFzAn8gfP5Aw66jaI=</latexit><latexit sha1_base64="D3AX+j/PE1m53fMd5IxYxCDCOuI=">AAAB6nicbVBNS8NAEJ34WetX1aOXxSJ4KkkR9Fj04rGi/YA2lM120i7dbMLuRgihP8GLB0W8+ou8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5nfmdJ1Sax/LRZAn6ER1JHnJGjZUeskF9UKm6NXcOskq8glShQHNQ+eoPY5ZGKA0TVOue5ybGz6kynAmclvupxoSyCR1hz1JJI9R+Pj91Ss6tMiRhrGxJQ+bq74mcRlpnUWA7I2rGetmbif95vdSE137OZZIalGyxKEwFMTGZ/U2GXCEzIrOEMsXtrYSNqaLM2HTKNgRv+eVV0q7XPLfm3V9WGzdFHCU4hTO4AA+uoAF30IQWMBjBM7zCmyOcF+fd+Vi0rjnFzAn8gfP5Aw66jaI=</latexit>

v
<latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit><latexit sha1_base64="Y1VFGg6QQHrr//k/0PvW2lPMVyo=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0GPRi8cW7Ae0oWy2k3btZhN2N4US+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikpeNUMWyyWMSqE1CNgktsGm4EdhKFNAoEtoPx/dxvT1BpHstHM03Qj+hQ8pAzaqzUmPTLFbfqLkDWiZeTCuSo98tfvUHM0gilYYJq3fXcxPgZVYYzgbNSL9WYUDamQ+xaKmmE2s8Wh87IhVUGJIyVLWnIQv09kdFI62kU2M6ImpFe9ebif143NeGtn3GZpAYlWy4KU0FMTOZfkwFXyIyYWkKZ4vZWwkZUUWZsNiUbgrf68jppXVU9t+o1riu1uzyOIpzBOVyCBzdQgweoQxMYIDzDK7w5T86L8+58LFsLTj5zCn/gfP4A4zGM+g==</latexit>

is huge

is huge

@p

@v
<latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit>

=1@v

@y1
<latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit>

x2
<latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit>

=0

w1
<latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit>

@v

@y2
<latexit sha1_base64="+FdLKuPX//JEcxOxNacHkLsf5Ls="></latexit><latexit sha1_base64="+FdLKuPX//JEcxOxNacHkLsf5Ls="></latexit><latexit sha1_base64="+FdLKuPX//JEcxOxNacHkLsf5Ls="></latexit><latexit sha1_base64="+FdLKuPX//JEcxOxNacHkLsf5Ls="></latexit>

=1

@p

@w2
<latexit sha1_base64="6vTJE9H/CDElIcxDh+bRcsSWtkM="></latexit><latexit sha1_base64="6vTJE9H/CDElIcxDh+bRcsSWtkM="></latexit><latexit sha1_base64="6vTJE9H/CDElIcxDh+bRcsSWtkM="></latexit><latexit sha1_base64="6vTJE9H/CDElIcxDh+bRcsSWtkM="></latexit>

@p

@w1
<latexit sha1_base64="KpyMD0tbsqtdmeIxIHLKiH9uduo="></latexit><latexit sha1_base64="KpyMD0tbsqtdmeIxIHLKiH9uduo="></latexit><latexit sha1_base64="KpyMD0tbsqtdmeIxIHLKiH9uduo="></latexit><latexit sha1_base64="KpyMD0tbsqtdmeIxIHLKiH9uduo="></latexit>

@y1
@w1

<latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0="></latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0="></latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0="></latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0="></latexit>

@y1
@w1

<latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0="></latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0="></latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0="></latexit><latexit sha1_base64="syUTWiPMd7ih9CFQpXGnvwqfjE0="></latexit>

@v

@y1
<latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit>

@p

@v
<latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit>

= =0@v

@y1
<latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit><latexit sha1_base64="FaItZdDuU6FkKdnqpzql4ZPKms0="></latexit>

@p

@v
<latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit>

=

@y2
@w2

<latexit sha1_base64="tHGS424IS6qWJ5nzeWKwcqJKZTA="></latexit><latexit sha1_base64="tHGS424IS6qWJ5nzeWKwcqJKZTA="></latexit><latexit sha1_base64="tHGS424IS6qWJ5nzeWKwcqJKZTA="></latexit><latexit sha1_base64="tHGS424IS6qWJ5nzeWKwcqJKZTA="></latexit>

@y2
@w2

<latexit sha1_base64="tHGS424IS6qWJ5nzeWKwcqJKZTA="></latexit><latexit sha1_base64="tHGS424IS6qWJ5nzeWKwcqJKZTA="></latexit><latexit sha1_base64="tHGS424IS6qWJ5nzeWKwcqJKZTA="></latexit><latexit sha1_base64="tHGS424IS6qWJ5nzeWKwcqJKZTA="></latexit>

• what happen to backprop gradient when weights are huge?
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• zero gradient when saturated 
• not zero-centered (pos. output) 
• computationally expensive
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Activation functions

@p

@w2
<latexit sha1_base64="6vTJE9H/CDElIcxDh+bRcsSWtkM="></latexit><latexit sha1_base64="6vTJE9H/CDElIcxDh+bRcsSWtkM="></latexit><latexit sha1_base64="6vTJE9H/CDElIcxDh+bRcsSWtkM="></latexit><latexit sha1_base64="6vTJE9H/CDElIcxDh+bRcsSWtkM="></latexit>

@p

@w1
<latexit sha1_base64="KpyMD0tbsqtdmeIxIHLKiH9uduo="></latexit><latexit sha1_base64="KpyMD0tbsqtdmeIxIHLKiH9uduo="></latexit><latexit sha1_base64="KpyMD0tbsqtdmeIxIHLKiH9uduo="></latexit><latexit sha1_base64="KpyMD0tbsqtdmeIxIHLKiH9uduo="></latexit>

@p

@v
<latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit>

= @p

@v
<latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit><latexit sha1_base64="W3FpNK++TZrXlr5/gO/NxBaiBtQ="></latexit>

= 11x1
<latexit sha1_base64="uQCfjKt3O17H48W3jfzfSSWbB14="></latexit><latexit sha1_base64="uQCfjKt3O17H48W3jfzfSSWbB14="></latexit><latexit sha1_base64="uQCfjKt3O17H48W3jfzfSSWbB14="></latexit><latexit sha1_base64="uQCfjKt3O17H48W3jfzfSSWbB14="></latexit>

.
x2

<latexit sha1_base64="tfc1gaIKc34jDIKrZyJwSiIX4hE="></latexit><latexit sha1_base64="tfc1gaIKc34jDIKrZyJwSiIX4hE="></latexit><latexit sha1_base64="tfc1gaIKc34jDIKrZyJwSiIX4hE="></latexit><latexit sha1_base64="tfc1gaIKc34jDIKrZyJwSiIX4hE="></latexit>

.. .>0 >0
<0 <0

w2
<latexit sha1_base64="Hxv9vcc0pLiyOEXaZaV0KhXUsw8="></latexit><latexit sha1_base64="Hxv9vcc0pLiyOEXaZaV0KhXUsw8="></latexit><latexit sha1_base64="Hxv9vcc0pLiyOEXaZaV0KhXUsw8="></latexit><latexit sha1_base64="Hxv9vcc0pLiyOEXaZaV0KhXUsw8="></latexit>

w1
<latexit sha1_base64="Jz3NqU7RQNyaygBXVnAl9EZnU7M="></latexit><latexit sha1_base64="Jz3NqU7RQNyaygBXVnAl9EZnU7M="></latexit><latexit sha1_base64="Jz3NqU7RQNyaygBXVnAl9EZnU7M="></latexit><latexit sha1_base64="Jz3NqU7RQNyaygBXVnAl9EZnU7M="></latexit>

w
<latexit sha1_base64="ZWFajL+zv0Rg3ek6u884fHoJvSs="></latexit><latexit sha1_base64="ZWFajL+zv0Rg3ek6u884fHoJvSs="></latexit><latexit sha1_base64="ZWFajL+zv0Rg3ek6u884fHoJvSs="></latexit><latexit sha1_base64="ZWFajL+zv0Rg3ek6u884fHoJvSs="></latexit>

w
opt

<latexit sha1_base64="nuu4BPEQq5BJQ1I3wpHX4mSVC2g="></latexit><latexit sha1_base64="nuu4BPEQq5BJQ1I3wpHX4mSVC2g="></latexit><latexit sha1_base64="nuu4BPEQq5BJQ1I3wpHX4mSVC2g="></latexit><latexit sha1_base64="nuu4BPEQq5BJQ1I3wpHX4mSVC2g="></latexit>


@p

@w

�

opt

<latexit sha1_base64="RoVzZtms6I5Xz+kiOJcxk+ca6Pg="></latexit><latexit sha1_base64="RoVzZtms6I5Xz+kiOJcxk+ca6Pg="></latexit><latexit sha1_base64="RoVzZtms6I5Xz+kiOJcxk+ca6Pg="></latexit><latexit sha1_base64="RoVzZtms6I5Xz+kiOJcxk+ca6Pg="></latexit>


@p

@w

�

sigmoid

<latexit sha1_base64="GwPQVrD6KlhgyjOlHW7owQnQpg4="></latexit><latexit sha1_base64="GwPQVrD6KlhgyjOlHW7owQnQpg4="></latexit><latexit sha1_base64="GwPQVrD6KlhgyjOlHW7owQnQpg4="></latexit><latexit sha1_base64="GwPQVrD6KlhgyjOlHW7owQnQpg4="></latexit>

Undesired zig-zag behaviour
5
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• zero gradient when saturated 
• not zero-centered (pos. output) 
• computationally expensive

Activation functions
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• zero gradient when saturated 
• not zero-centered (only positive ouputs) 
• computationally expensive

Activation functions

7



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

• zero gradient when saturated (partially => dead ReLU!) 
• not zero-centered (only positive ouputs) 
• computationally expensive

Activation functions
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• zero gradient when saturated (partially => dead ReLU!) 
• not zero-centered (only positive ouputs) 
• computationally expensive

Activation functions

x1
<latexit sha1_base64="MyWCSyp2wWG6aiY22yPV+O9qKAo="></latexit><latexit sha1_base64="MyWCSyp2wWG6aiY22yPV+O9qKAo="></latexit><latexit sha1_base64="MyWCSyp2wWG6aiY22yPV+O9qKAo="></latexit><latexit sha1_base64="MyWCSyp2wWG6aiY22yPV+O9qKAo="></latexit>

x2
<latexit sha1_base64="1nxZ6M1E/gOpONc9EcUkfx9ZBNg="></latexit><latexit sha1_base64="1nxZ6M1E/gOpONc9EcUkfx9ZBNg="></latexit><latexit sha1_base64="1nxZ6M1E/gOpONc9EcUkfx9ZBNg="></latexit><latexit sha1_base64="1nxZ6M1E/gOpONc9EcUkfx9ZBNg="></latexit>

dea
d ReL

U
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• zero gradient when saturated 
• not zero-centered (only positive ouputs) 
• computationally expensive

Activation functions

10

Small gradient for negative values give tiny chance to recover



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

• zero gradient when saturated (partially) 
• not zero-centered (only positive ouputs) 
• computationally expensive

Activation functions
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• Use ReLU and avoid undesired properties by  
• good weight initialization 
• data preprocessing 
• batch normalization 

• Still you want to keep “reasonable values”  
(i.e. small but not too much and distributed around zero)

Summary

12
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Outline 

• SGD vs deterministic gradient 
• what makes learning to fail 
• layers: 

• activation function (i.e. non-linearities) 
• initialization 
• batch normalization layer 
• max-pooling layer 
• loss-layers 

• summary of the learning procedure 
• train, test, val data,  
• hyper-parameters,  
• regularizations

13
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Data preprocessing & initializations

• Pixels values shifted zero mean to avoid only positive 
inputs and the unwanted “zig-zag” behaviour  

14
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Data preprocessing & initializations

• Pixels values shifted zero mean to avoid only positive 
inputs and the unwanted “zig-zag” behaviour 

• Weight initialization: 
•              all gradients the same 
•                        diminishing gradients in backprop 
•                                         preserves variance of 

signal among layers (Xavier init [Glorot 2010])  

w = 0
<latexit sha1_base64="DsoS8xRxC6y4EHMj78Wyc/Mvk3Q="></latexit><latexit sha1_base64="DsoS8xRxC6y4EHMj78Wyc/Mvk3Q="></latexit><latexit sha1_base64="DsoS8xRxC6y4EHMj78Wyc/Mvk3Q="></latexit><latexit sha1_base64="DsoS8xRxC6y4EHMj78Wyc/Mvk3Q="></latexit>

w(i) ⇠ N (0,� ⇤ 1/N (i))
<latexit sha1_base64="qh3F45d/Qrl2iu8oi8ng8LkhEAA="></latexit><latexit sha1_base64="qh3F45d/Qrl2iu8oi8ng8LkhEAA="></latexit><latexit sha1_base64="qh3F45d/Qrl2iu8oi8ng8LkhEAA="></latexit><latexit sha1_base64="qh3F45d/Qrl2iu8oi8ng8LkhEAA="></latexit>

w ⇠ N (0,�)
<latexit sha1_base64="ajmDPFNl/R4ljNuifQWQbbvQBpQ="></latexit><latexit sha1_base64="ajmDPFNl/R4ljNuifQWQbbvQBpQ="></latexit><latexit sha1_base64="ajmDPFNl/R4ljNuifQWQbbvQBpQ="></latexit><latexit sha1_base64="ajmDPFNl/R4ljNuifQWQbbvQBpQ="></latexit>
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Signal in randomly initialized weights                      forward 
(and backward) pass

w ⇠ N (0,�)
<latexit sha1_base64="ajmDPFNl/R4ljNuifQWQbbvQBpQ="></latexit><latexit sha1_base64="ajmDPFNl/R4ljNuifQWQbbvQBpQ="></latexit><latexit sha1_base64="ajmDPFNl/R4ljNuifQWQbbvQBpQ="></latexit><latexit sha1_base64="ajmDPFNl/R4ljNuifQWQbbvQBpQ="></latexit>

Xavier initialization [Glorot 2010]

16
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=
NX

i=1

E(xi)
2var(wi) + E(wi)

2var(xi) + var(wixi) =
<latexit sha1_base64="Ywnky/KePCECbB+M22H+jxZxUIg="></latexit><latexit sha1_base64="Ywnky/KePCECbB+M22H+jxZxUIg="></latexit><latexit sha1_base64="Ywnky/KePCECbB+M22H+jxZxUIg="></latexit><latexit sha1_base64="Ywnky/KePCECbB+M22H+jxZxUIg="></latexit>

Xavier initialization [Glorot 2010]

• We want to preserve variance of signal among layers 
(i.e.                           )   

var(y) = var(w1x1 + w2x2 + · · ·+ wNxN ) =
<latexit sha1_base64="7EGQvxuSC5EdMh9B6KdXDjl7IMU="></latexit><latexit sha1_base64="7EGQvxuSC5EdMh9B6KdXDjl7IMU="></latexit><latexit sha1_base64="7EGQvxuSC5EdMh9B6KdXDjl7IMU="></latexit><latexit sha1_base64="7EGQvxuSC5EdMh9B6KdXDjl7IMU="></latexit>

var(y) = var(xi)
<latexit sha1_base64="xDTGOgqzXnDqkuOoMCw8AjpWobk="></latexit><latexit sha1_base64="xDTGOgqzXnDqkuOoMCw8AjpWobk="></latexit><latexit sha1_base64="xDTGOgqzXnDqkuOoMCw8AjpWobk="></latexit><latexit sha1_base64="xDTGOgqzXnDqkuOoMCw8AjpWobk="></latexit>

*x1
<latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit>

*
w2

<latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit>

+
x2

<latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit><latexit sha1_base64="sU5hbPAK+kK9DlSNNuLNHNxer84=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gANNI2h</latexit>

w1
<latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit><latexit sha1_base64="x3+vf06QaiZbytuTgzZc+MW2BGw=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAKKo2f</latexit>
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Signal in Xavier initialized weights                       
forward (and backward) pass (better but not ideal)

w(i) ⇠ N (0,� ⇤ 1/N (i))
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Outline 

• SGD vs deterministic gradient 
• what makes learning to fail 
• layers: 

• activation function (i.e. non-linearities) 
• initialization 
• batch normalization layer 
• max-pooling layer 
• loss-layers 

• summary of the learning procedure 
• train, test, val data,  
• hyper-parameters,  
• regularizations
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Batch normalization layer [Ioffe and Szegedy 2015]

• Learning:
• Normalize each dimension of input feature map in each layer 
• Learn parameters                 for each dimension
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Batch normalization layer [Ioffe and Szegedy 2015]

• Learning:
• Normalize each dimension of input feature map in each layer 
• Learn parameters                 for each dimension
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Batch normalization layer [Ioffe and Szegedy 2015]
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Batch normalization layer [Ioffe and Szegedy 2015]

• Inference: estimate               and 
• Use learned parameters                 and               ,
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<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

x

<latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit><latexit sha1_base64="FCyld/ZoKiWWp7pCy2AGTMh7CpI="></latexit> w1
<latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit><latexit sha1_base64="jPHsixyjKKhzzWkTw1BhFBgsgoU="></latexit>

conv(x,w1)
<latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit><latexit sha1_base64="YASDL9OmcmuGOyayDZd+ntOwL6E="></latexit>

y1
<latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit><latexit sha1_base64="dU1FX1L9yBopedNSpAUrQm6ruag="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

w2
<latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit><latexit sha1_base64="zGcbDCKsYcbf3ftIEIURJuz84Yo="></latexit>

conv(x,w2)
<latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit><latexit sha1_base64="3yaYXlf1CyukV8tkYBVhcP4IyZc="></latexit>

y2
<latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit><latexit sha1_base64="53VtBhVDfYk0AS80I97WYeoUn5E="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

<latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit><latexit sha1_base64="bKDaLVs1aTCLmxxyd/5+wxIWXGw="></latexit>

y3
<latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit><latexit sha1_base64="4GZa2VK7J2qsTD+KJJVk3C+Ntn4="></latexit>

w3
<latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit><latexit sha1_base64="930uo119V0pb2wGFoaZMUUjgIpU="></latexit>

conv(x,w3)
<latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit><latexit sha1_base64="g+HHi6d+baREyZJAG21bd6ac+M4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

y
<latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit><latexit sha1_base64="BZYD9+OVPTVoRS8xV3VN5XmKEOU="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

z
<latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit><latexit sha1_base64="XETCZzf9IIaTF9WXHL07ooO+TF8="></latexit>

layer:  
conv1

5x5x3

layer: 
BN

4x4x3 4x4x3

feature  
map

feature 
map

feature 
map

Batch normalization layer [Ioffe and Szegedy 2015]
https://arxiv.org/pdf/1502.03167.pdf (over 6k citation)

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

layer: 
nonlin

4x4x3

feature 
map

�(z)
<latexit sha1_base64="ByNTiFlcG7I7tk4pSGTp6bQbrak="></latexit><latexit sha1_base64="ByNTiFlcG7I7tk4pSGTp6bQbrak="></latexit><latexit sha1_base64="ByNTiFlcG7I7tk4pSGTp6bQbrak="></latexit><latexit sha1_base64="ByNTiFlcG7I7tk4pSGTp6bQbrak="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

�,�
<latexit sha1_base64="Nu6slGPHBjkoOt4MNtHPJjvTP+A="></latexit><latexit sha1_base64="Nu6slGPHBjkoOt4MNtHPJjvTP+A="></latexit><latexit sha1_base64="Nu6slGPHBjkoOt4MNtHPJjvTP+A="></latexit><latexit sha1_base64="Nu6slGPHBjkoOt4MNtHPJjvTP+A="></latexit>

BN�,�(y)
<latexit sha1_base64="1z64sklWQ7oF+NmF/w8fDyWUEaw="></latexit><latexit sha1_base64="1z64sklWQ7oF+NmF/w8fDyWUEaw="></latexit><latexit sha1_base64="1z64sklWQ7oF+NmF/w8fDyWUEaw="></latexit><latexit sha1_base64="1z64sklWQ7oF+NmF/w8fDyWUEaw="></latexit>

layer: 
 conv2

…
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Good weight initialization 

Batch normalization layer [Ioffe and Szegedy 2015]
https://arxiv.org/pdf/1502.03167.pdf (over 6k citation)
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Bad weight initialization 

Batch normalization layer [Ioffe and Szegedy 2015]
https://arxiv.org/pdf/1502.03167.pdf (over 6k citation)
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• Normalize each dimension of input feature map in 
each layer independently. 

• Different behaviour for learning and inference 
• BN yields 

• Reduced learning time 
• Model regularizer (one training example always 

normalized differently => small jittering of each 
sample) 

• Reduce dependency on good weight initialization 

Batch normalization layer [Ioffe and Szegedy 2015]
https://arxiv.org/pdf/1502.03167.pdf (over 6k citation)

Summary

28
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Czech Technical University in Prague
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Outline 

• SGD vs deterministic gradient 
• what makes learning to fail 
• layers: 

• activation function (i.e. non-linearities) 
• batch normalization layer 
• max-pooling layer 
• loss-layers 

• summary of the learning procedure 
• train, test, val data,  
• hyper-parameters,  
• regularizations
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(                       ,   2x2 ) =

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

image 
(5x5)

output 
(? x ?)

Max-pooling 

max

1  3  0  2  1    
2  0  1  2  0    

2  0  1  2  0    
1  3  0  2  1    
0  3  1  3  2    

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

3
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(                       ,   2x2 ) =

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

image 
(5x5)

output 
(? x ?)

Max-pooling 

max

1  3  0  2  1    
2  0  1  2  0    

2  0  1  2  0    
1  3  0  2  1    
0  3  1  3  2    

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

3  3 
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(                       ,   2x2 ) =

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

image 
(5x5)

output 
(? x ?)

Max-pooling 

max

1  3  0  2  1    
2  0  1  2  0    

2  0  1  2  0    
1  3  0  2  1    
0  3  1  3  2    

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

3  3  2 
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(                       ,   2x2 ) =

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

image 
(5x5)

output 
(4 x 4)

Max-pooling 

max

1  3  0  2  1    
2  0  1  2  0    

2  0  1  2  0    
1  3  0  2  1    
0  3  1  3  2    

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

3  3  2   2 
3  3  3   3 
3  3  3   3 
3  3  2   2 
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(                       ,   KxK ) =

<latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit><latexit sha1_base64="PmkD25wcnZi/Sqfuudx2gy1tEA0="></latexit>

image 
(NxN)

output 
(M x M)

Max-pooling 

max

<latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit><latexit sha1_base64="KHyC7Ab4PxC7wuFDyE3Gj3iY8T4="></latexit>

The same as for convolution

M = (N+2*pad-K) / stride + 1
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Atrous Spatial Pyramid Pooling (ASPP)
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[Chen et al. TPAMI 2018] https://arxiv.org/pdf/1606.00915.pdf
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Max-pooling Backprop
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upstream gradient
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Max-pooling Backprop
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upstream gradient
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upstream gradient
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Max-pooling summary 

• Forward pass 
• similar to convolution but takes maximum over kernel 
• it has no parameters to be learnt! 

• Backprop 
• propagate gradient only to active connections 

• Main purpose is to reduce dimensionality and overfitting 
• It seems that max pooling layers will disappear in future 

• should be avoided in generative models (GAN, VAE) 
• they can be replaced by conv-layers with larger stride 

in discriminative models  
https://arxiv.org/abs/1412.6806 

• Geoffrey Hinton: “The pooling operation used in 
convolutional neural networks is a big mistake and the 
fact that it works so well is a disaster.” (Reddit AMA)
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Outline 

• SGD vs deterministic gradient 
• what makes learning to fail 
• layers: 

• activation function (i.e. non-linearities) 
• batch normalization layer 
• max-pooling layer 
• loss-layers 

• regularizations 
• summary of the learning procedure 

• train, test, val data,  
• hyper-parameters, 
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Loss functions

41

• Regression:  
• L2 loss  
• L1 loss 

• Classification:  
• cross entropy loss (N-output classifier              ) 
• logistic loss (single output dichotomy classifier             )f(x,w)

<latexit sha1_base64="8/qBbbBTtkztsmYY1pK3l8R9r+4="></latexit><latexit sha1_base64="8/qBbbBTtkztsmYY1pK3l8R9r+4="></latexit><latexit sha1_base64="8/qBbbBTtkztsmYY1pK3l8R9r+4="></latexit><latexit sha1_base64="8/qBbbBTtkztsmYY1pK3l8R9r+4="></latexit>

f(x,w)
<latexit sha1_base64="qLidyDkp80PZsaA3fqHHRC0+Ih4="></latexit><latexit sha1_base64="qLidyDkp80PZsaA3fqHHRC0+Ih4="></latexit><latexit sha1_base64="qLidyDkp80PZsaA3fqHHRC0+Ih4="></latexit><latexit sha1_base64="qLidyDkp80PZsaA3fqHHRC0+Ih4="></latexit>

L2(w) =
X

i

kf(xi,w)� yik22
<latexit sha1_base64="4Pq1UIz5zMRohdha4WVuhhn0w+g="></latexit><latexit sha1_base64="4Pq1UIz5zMRohdha4WVuhhn0w+g="></latexit><latexit sha1_base64="4Pq1UIz5zMRohdha4WVuhhn0w+g="></latexit><latexit sha1_base64="4Pq1UIz5zMRohdha4WVuhhn0w+g="></latexit>

L1(w) =
X

i

|f(xi,w)� yi|
<latexit sha1_base64="Nx0Ky4t9PifdFZBdaLPt77LK55o="></latexit><latexit sha1_base64="Nx0Ky4t9PifdFZBdaLPt77LK55o="></latexit><latexit sha1_base64="Nx0Ky4t9PifdFZBdaLPt77LK55o="></latexit><latexit sha1_base64="Nx0Ky4t9PifdFZBdaLPt77LK55o="></latexit>



Czech Technical University in Prague
Faculty of Electrical Engineering, Department of Cybernetics

Loss functions

42

(1) convert output to probability (softmax function) 

• Regression:  
• L2 loss  
• L1 loss 

• Classification:  
• cross entropy loss (N-output classifier              ) 
• logistic loss (single output dichotomy classifier             )f(x,w)
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(2) compute cross entropy

f(x,w)
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Loss functions

43

• Regression:  
• L2 loss  
• L1 loss 

• Classification:  
• cross entropy loss (N-output classifier              ) 
• logistic loss (single output dichotomy classifier             )f(x,w)
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Loss functions

44

• Regression:  
• L2 loss  
• L1 loss 

• Classification:  
• cross entropy loss (N-output classifier              ) 
• logistic loss (single output dichotomy classifier             ) 
• other loss functions

f(x,w)
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Outline 

• SGD vs deterministic gradient 
• what makes learning to fail 
• layers: 

• activation function (i.e. non-linearities) 
• batch normalization layer 
• max-pooling layer 
• loss-layers 

• regularizations 
• summary of the learning procedure 

• train, test, val data,  
• hyper-parameters, 
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Regularization 

• L2, L1 norms on weights are simple regularizations 
• Batch norm is regularization 
• Drop out is regularization (it trains committee of experts) 
• Jittering of training data is regularization
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• SGD vs deterministic gradient 
• what makes learning to fail 
• layers: 

• activation function (i.e. non-linearities) 
• batch normalization layer 
• max-pooling layer 
• loss-layers 

• regularizations 
• summary of the learning procedure 

• train, test, val data,  
• hyper-parameters, 

Outline 
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Training procedure

• Choose: 
• Weight initialization 
• Network architecture (ideally re-use pre-trained net) 
• Learning rate and other hyper-parameters. 
• Loss + regularization 

• Divide data on three represenatative subsets: 
• Training data (the set on which the backprop is used to 

estimate weights) 
• Validation data (the set on which hyper-param are tuned) 
• Testing data (the set on which the error is only observed)
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Hyper parameters tuning
• Weight initialization (Xavier)
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Hyper parameters tuning
• Weight initialization (Xavier) 
• Trn error is huge =>underfitting 

• decrease regularization strength 
• increase model capacity
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Hyper parameters tuning
• Weight initialization (Xavier) 
• Trn error is huge =>underfitting 

• decrease regularization strength 
• increase model capacity 

• Trn error explodes to infinity=> huge learning rate 
• decrease the learning rate
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Hyper parameters tuning
• Weight initialization (Xavier) 
• Trn error is huge =>underfitting 

• decrease regularization strength 
• increase model capacity 

• Trn error explodes to infinity=> huge learning rate 
• decrease the learning rate 

• Trn error is decreasing very slowly => small learning rate 
• increase learning rate 
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Hyper parameters tuning
• Weight initialization (Xavier) 
• Trn error is huge =>underfitting 

• decrease regularization strength 
• increase model capacity 

• Trn error explodes to infinity=> huge learning rate 
• decrease the learning rate 

• Trn error is decreasing very slowly => small learning rate 
• increase learning rate 

• Tst error>>Trn error => overfitting 
• increase strength of regularization  
• decrease model capacity 
• Tst data are too far from Trn data  

(should come from the same distribution)
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Hyper parameters tuning
• Weight initialization (Xavier) 
• Trn error is huge =>underfitting 

• decrease regularization strength 
• increase model capacity 

• Trn error explodes to infinity=> huge learning rate 
• decrease the learning rate 

• Trn error is decreasing very slowly => small learning rate 
• increase learning rate 

• Tst error>>Trn error => overfitting 
• increase strength of regularization  
• decrease model capacity 
• Tst data are too far from Trn data  

(should come from the same distribution) 
• Trn error>>Tst error =>bad division on training/testing data 
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