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Parametric approach
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Image

W * H * 3 numbers

<latexit sha1_base64="FHly4yrXvYJnVMZWMlKmLw/ETAY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2et016x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPK94F5XqXbVUu87iyMMRHEMZPLiEGtxCHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPgnmOcQ==</latexit>

f(x,W )

Cat
Dog
Person
Road
Tree
Airplane
Apple
Cell phone
Cup
Table

0.1
0.8

0.02
0.01
0.01
0.01
0.01
0.03

0
0.01

10 numbers for class scores



Parametric approach
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Image

W * H * 3 numbers

<latexit sha1_base64="FHly4yrXvYJnVMZWMlKmLw/ETAY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2et016x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPK94F5XqXbVUu87iyMMRHEMZPLiEGtxCHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPgnmOcQ==</latexit>

f(x,W )

Cat
Dog
Person
Road
Tree
Airplane
Apple
Cell phone
Cup
Table

0.1
0.8

0.02
0.01
0.01
0.01
0.01
0.03

0
0.01

10 numbers for class scores

If W = 32, H = 32,
x = 32 * 32 * 3 = 3072

<latexit sha1_base64="NVq9aBJReWmMFFcniD40w/FAt3E=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQQUoiRb0IRS8eK9im0oay2W7apbubsLuRltBf4cWDIl79Od78N27bHLT1wcDjvRlm5gUxo0o7zreVW1ldW9/Ibxa2tnd294r7B00VJRKTBo5YJFsBUoRRQRqaakZasSSIB4x4wfB26ntPRCoaiQc9jonPUV/QkGKkjfQYlkdn3um1N+oWS07FmcFeJm5GSpCh3i1+dXoRTjgRGjOkVNt1Yu2nSGqKGZkUOokiMcJD1CdtQwXiRPnp7OCJfWKUnh1G0pTQ9kz9PZEirtSYB6aTIz1Qi95U/M9rJzq88lMq4kQTgeeLwoTZOrKn39s9KgnWbGwIwpKaW208QBJhbTIqmBDcxZeXSfO84l5UqvfVUu0miyMPR3AMZXDhEmpwB3VoAAYOz/AKb5a0Xqx362PemrOymUP4A+vzB41+j5s=</latexit>

f(x,W ) = Wx
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Image

W * H * 3 numbers

<latexit sha1_base64="FHly4yrXvYJnVMZWMlKmLw/ETAY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2et016x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPK94F5XqXbVUu87iyMMRHEMZPLiEGtxCHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPgnmOcQ==</latexit>

f(x,W )

Cat
Dog
Person
Road
Tree
Airplane
Apple
Cell phone
Cup
Table

0.1
0.8

0.02
0.01
0.01
0.01
0.01
0.03

0
0.01

10 numbers for class scores

If W = 32, H = 32,
x = 32 * 32 * 3 = 3072

<latexit sha1_base64="vwajA6MnGWuTpmBJwfcbwn1+rGo=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21oNlmSWaGU/gwvHhTx6q/x5r8xbfegrQ8Cj/dmMjMvSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0N/NbT9xYodUjjlMeJnSgRCwYRSd1Ap90USTckqBXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqrfssxXBCDQom+bTUzSxPKRvRAe84qqgbE07mK0/JmVP6JNbGPYVkrv7umNDE2nESucqE4tAuezPxP6+TYXwTToRKM+SKLQbFmSSoyex+0heGM5RjRygzwu1K2JAaytClVHIhBMsnr5LmRTW4ql4+XFZqt3kcRTiBUziHAK6hBvdQhwYw0PAMr/DmoffivXsfi9KCl/ccwx94nz+575BB</latexit>

10⇥ 1

<latexit sha1_base64="NVq9aBJReWmMFFcniD40w/FAt3E=">AAAB8HicbVBNS8NAEJ3Ur1q/qh69BItQQUoiRb0IRS8eK9im0oay2W7apbubsLuRltBf4cWDIl79Od78N27bHLT1wcDjvRlm5gUxo0o7zreVW1ldW9/Ibxa2tnd294r7B00VJRKTBo5YJFsBUoRRQRqaakZasSSIB4x4wfB26ntPRCoaiQc9jonPUV/QkGKkjfQYlkdn3um1N+oWS07FmcFeJm5GSpCh3i1+dXoRTjgRGjOkVNt1Yu2nSGqKGZkUOokiMcJD1CdtQwXiRPnp7OCJfWKUnh1G0pTQ9kz9PZEirtSYB6aTIz1Qi95U/M9rJzq88lMq4kQTgeeLwoTZOrKn39s9KgnWbGwIwpKaW208QBJhbTIqmBDcxZeXSfO84l5UqvfVUu0miyMPR3AMZXDhEmpwB3VoAAYOz/AKb5a0Xqx362PemrOymUP4A+vzB41+j5s=</latexit>

f(x,W ) = Wx
<latexit sha1_base64="aZGCtrhhDWS5/7boeO/arBniDb0=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHaRiEeiF4+YyCOBlcwOszBh9pGZXg3Z8B9ePGiMV//Fm3/jAHtQsJJOKlXd6e7yYik02va3lVtb39jcym8Xdnb39g+Kh0ctHSWK8SaLZKQ6HtVcipA3UaDknVhxGniSt73xzcxvP3KlRRTe4yTmbkCHofAFo2ikB8cmPRQB1+TCrlX6xZJdtucgq8TJSAkyNPrFr94gYknAQ2SSat117BjdlCoUTPJpoZdoHlM2pkPeNTSkZpObzq+ekjOjDIgfKVMhkrn6eyKlgdaTwDOdAcWRXvZm4n9eN0H/yk1FGCfIQ7ZY5CeSYERmEZCBUJyhnBhCmRLmVsJGVFGGJqiCCcFZfnmVtCpl57JcvauW6tdZHHk4gVM4BwdqUIdbaEATGCh4hld4s56sF+vd+li05qxs5hj+wPr8AR50kPo=</latexit>

10⇥ 3072

<latexit sha1_base64="YOEsmZcrJ6XM5foO11tr5i1T6bw=">AAAB9XicbVDLTgJBEOzFF+IL9ehlIjHxRHaRiEeiF4+YyCOBlcwOszBh9pGZXg3Z8B9ePGiMV//Fm3/jAHtQsJJOKlXd6e7yYik02va3lVtb39jcym8Xdnb39g+Kh0ctHSWK8SaLZKQ6HtVcipA3UaDknVhxGniSt73xzcxvP3KlRRTe4yTmbkCHofAFo2ikhwu7ViGkhyLgmjj9Ysku23OQVeJkpAQZGv3iV28QsSTgITJJte46doxuShUKJvm00Es0jykb0yHvGhpSs8ZN51dPyZlRBsSPlKkQyVz9PZHSQOtJ4JnOgOJIL3sz8T+vm6B/5aYijBPkIVss8hNJMCKzCMhAKM5QTgyhTAlzK2EjqihDE1TBhOAsv7xKWpWyc1mu3lVL9essjjycwCmcgwM1qMMtNKAJDBQ8wyu8WU/Wi/VufSxac1Y2cwx/YH3+AAJVkOo=</latexit>

3072⇥ 1
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Image

W * H * 3 numbers

<latexit sha1_base64="FHly4yrXvYJnVMZWMlKmLw/ETAY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRahgpRdKeqx6MVjBfsB7VKyabaNzSZLkhXL0v/gxYMiXv0/3vw3pu0etPXBwOO9GWbmBTFn2rjut5NbWV1b38hvFra2d3b3ivsHTS0TRWiDSC5VO8CaciZowzDDaTtWFEcBp61gdDP1W49UaSbFvRnH1I/wQLCQEWys1AzLT2et016x5FbcGdAy8TJSggz1XvGr25ckiagwhGOtO54bGz/FyjDC6aTQTTSNMRnhAe1YKnBEtZ/Orp2gE6v0USiVLWHQTP09keJI63EU2M4Im6Fe9Kbif14nMeGVnzIRJ4YKMl8UJhwZiaavoz5TlBg+tgQTxeytiAyxwsTYgAo2BG/x5WXSPK94F5XqXbVUu87iyMMRHEMZPLiEGtxCHRpA4AGe4RXeHOm8OO/Ox7w152Qzh/AHzucPgnmOcQ==</latexit>

f(x,W )

Cat
Dog
Person
Road
Tree
Airplane
Apple
Cell phone
Cup
Table

0.1
0.8

0.02
0.01
0.01
0.01
0.01
0.03

0
0.01

10 numbers for class scores

If W = 32, H = 32,
x = 32 * 32 * 3 = 3072

<latexit sha1_base64="6kCkGscYFKBDTOdh13CbMxKhkj8=">AAAB8nicbVBNS8NAEJ3Ur1q/qh69LBahopREinoRil48VrAfkIay2W7apZtN2N1IS+jP8OJBEa/+Gm/+G7dtDtr6YODx3gwz8/yYM6Vt+9vKrayurW/kNwtb2zu7e8X9g6aKEklog0Q8km0fK8qZoA3NNKftWFIc+py2/OHd1G89UalYJB71OKZeiPuCBYxgbSQ3KI/OW6c3rdGZ3y2W7Io9A1omTkZKkKHeLX51ehFJQio04Vgp17Fj7aVYakY4nRQ6iaIxJkPcp66hAodUeens5Ak6MUoPBZE0JTSaqb8nUhwqNQ590xliPVCL3lT8z3MTHVx7KRNxoqkg80VBwpGO0PR/1GOSEs3HhmAimbkVkQGWmGiTUsGE4Cy+vEyaFxXnslJ9qJZqt1kceTiCYyiDA1dQg3uoQwMIRPAMr/BmaevFerc+5q05K5s5hD+wPn8AstKQPA==</latexit>

f(x,W ) = Wx+ b
<latexit sha1_base64="vwajA6MnGWuTpmBJwfcbwn1+rGo=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21oNlmSWaGU/gwvHhTx6q/x5r8xbfegrQ8Cj/dmMjMvSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0N/NbT9xYodUjjlMeJnSgRCwYRSd1Ap90USTckqBXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqrfssxXBCDQom+bTUzSxPKRvRAe84qqgbE07mK0/JmVP6JNbGPYVkrv7umNDE2nESucqE4tAuezPxP6+TYXwTToRKM+SKLQbFmSSoyex+0heGM5RjRygzwu1K2JAaytClVHIhBMsnr5LmRTW4ql4+XFZqt3kcRTiBUziHAK6hBvdQhwYw0PAMr/DmoffivXsfi9KCl/ccwx94nz+575BB</latexit>

10⇥ 1
<latexit sha1_base64="vwajA6MnGWuTpmBJwfcbwn1+rGo=">AAAB8nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVUY9FLx4r2A9ol5JNs21oNlmSWaGU/gwvHhTx6q/x5r8xbfegrQ8Cj/dmMjMvSqWw6PvfXmFtfWNzq7hd2tnd2z8oHx41rc4M4w2mpTbtiFouheINFCh5OzWcJpHkrWh0N/NbT9xYodUjjlMeJnSgRCwYRSd1Ap90USTckqBXrvhVfw6ySoKcVCBHvVf+6vY1yxKukElqrfssxXBCDQom+bTUzSxPKRvRAe84qqgbE07mK0/JmVP6JNbGPYVkrv7umNDE2nESucqE4tAuezPxP6+TYXwTToRKM+SKLQbFmSSoyex+0heGM5RjRygzwu1K2JAaytClVHIhBMsnr5LmRTW4ql4+XFZqt3kcRTiBUziHAK6hBvdQhwYw0PAMr/DmoffivXsfi9KCl/ccwx94nz+575BB</latexit>

10⇥ 1



Perceptron

6

Activation Function
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<latexit sha1_base64="320VPklRgEWhB8hnnEiRh3xn5cE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDrhY2S</latexit>a1

<latexit sha1_base64="WxkZs5xRs38lJD4l9+FXgHm0HfI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPtCY2T</latexit>a2

<latexit sha1_base64="gsX9/jccenrQQU4UL/6VgISS1Eo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//ciU5rF8MJOE+REOJQ85RWOle+yf98sVt+rOQf4SLycVyNHolz97g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZITqwxIGCtb0pC5+nMiw0jrSRTYzgjNSC97M/E/r5ua8MrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTaAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q3ujY2U</latexit>a3

Input



Two-layer Perceptron
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Input Output

<latexit sha1_base64="ahaNgsmAq1yKTVkcYvW9FwytZSw=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJKPdpKwICZDySNOiXXSg+r7/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJufOsVnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbYKz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwAA6I2g</latexit>o1

<latexit sha1_base64="05cyP/VQUxlxbyGI57HGndoS9Kc=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh6LXjxWtLXQLiWbZtvQbLIkWaEs/QlePCji1V/kzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewzHNzP/8Ylpw5V8sJOEBTEZSh5xSqyT7lW/1i9XvKo3B14lfk4qkKPZL3/1BoqmMZOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HJYmZCbL5qVN85pQBjpR2JS2eq78nMhIbM4lD1xkTOzLL3kz8z+umNroKMi6T1DJJF4uiVGCr8OxvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEratap/Ua3f1SuN6zyOIpzAKZyDD5fQgFtoQgsoDOEZXuENCfSC3tHHorWA8plj+AP0+QMCbI2h</latexit>o2

<latexit sha1_base64="320VPklRgEWhB8hnnEiRh3xn5cE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDrhY2S</latexit>a1

<latexit sha1_base64="WxkZs5xRs38lJD4l9+FXgHm0HfI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPtCY2T</latexit>a2

<latexit sha1_base64="gsX9/jccenrQQU4UL/6VgISS1Eo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//ciU5rF8MJOE+REOJQ85RWOle+yf98sVt+rOQf4SLycVyNHolz97g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZITqwxIGCtb0pC5+nMiw0jrSRTYzgjNSC97M/E/r5ua8MrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTaAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q3ujY2U</latexit>a3



Two-layer Perceptron
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<latexit sha1_base64="lxTaKy7IZ+vvV4HBD6QoEfuNm9k=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9mIqMeiF48V7Ae0S8mm2TY2myxJVilL/4MXD4p49f9489+YtnvQ1gcDj/dmmJkXJoIb6/vfXmFldW19o7hZ2tre2d0r7x80jUo1ZQ2qhNLtkBgmuGQNy61g7UQzEoeCtcLRzdRvPTJtuJL3dpywICYDySNOiXVS86mXYTzplSt+1Z8BLROckwrkqPfKX92+omnMpKWCGNPBfmKDjGjLqWCTUjc1LCF0RAas46gkMTNBNrt2gk6c0keR0q6kRTP190RGYmPGceg6Y2KHZtGbiv95ndRGV0HGZZJaJul8UZQKZBWavo76XDNqxdgRQjV3tyI6JJpQ6wIquRDw4svLpHlWxRfV87vzSu06j6MIR3AMp4DhEmpwC3VoAIUHeIZXePOU9+K9ex/z1oKXzxzCH3ifP0Keju8=</latexit>w11<latexit sha1_base64="mYHOKiipjy7tWMHaO/A3stHCYJY=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvXisYD+gXUo2zbax2WRJskpZ+h+8eFDEq//Hm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3Mz9ziNVmklxb6Yx9SM8EixkBBsrtZ8GqVebDcoVt+pmQKvEy0kFcjQH5a/+UJIkosIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepwBHVfppdO0NnVhmiUCpbwqBM/T2R4kjraRTYzgibsV725uJ/Xi8x4ZWfMhEnhgqyWBQmHBmJ5q+jIVOUGD61BBPF7K2IjLHCxNiASjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWkDgAZ7hFd4c6bw4787HorXg5DPH8AfO5w9EI47w</latexit>w
12

<latexit sha1_base64="XnjLItt5yP7mo4QJ/KdTHke8/eA=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvXisYD+gXUo2zbax2WRJskpZ+h+8eFDEq//Hm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3Mz9ziNVmklxb6Yx9SM8EixkBBsrtZ8Gac2bDcoVt+pmQKvEy0kFcjQH5a/+UJIkosIQjrXueW5s/BQrwwins1I/0TTGZIJHtGepwBHVfppdO0NnVhmiUCpbwqBM/T2R4kjraRTYzgibsV725uJ/Xi8x4ZWfMhEnhgqyWBQmHBmJ5q+jIVOUGD61BBPF7K2IjLHCxNiASjYEb/nlVdKuVb2Lav2uXmlc53EU4QRO4Rw8uIQG3EITWkDgAZ7hFd4c6bw4787HorXg5DPH8AfO5w9EJI7w</latexit> w21

<latexit sha1_base64="++Iz4vr6MW3dk/KNlM1Z1gJlCBE=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9ktRT0WvXisYD+gXUo2zbax2WRJskpZ+h+8eFDEq//Hm//GdLsHbX0w8Hhvhpl5QcyZNq777RTW1jc2t4rbpZ3dvf2D8uFRW8tEEdoikkvVDbCmnAnaMsxw2o0VxVHAaSeY3Mz9ziNVmklxb6Yx9SM8EixkBBsrtZ8Gaa02G5QrbtXNgFaJl5MK5GgOyl/9oSRJRIUhHGvd89zY+ClWhhFOZ6V+ommMyQSPaM9SgSOq/TS7dobOrDJEoVS2hEGZ+nsixZHW0yiwnRE2Y73szcX/vF5iwis/ZSJODBVksShMODISzV9HQ6YoMXxqCSaK2VsRGWOFibEBlWwI3vLLq6Rdq3oX1fpdvdK4zuMowgmcwjl4cAkNuIUmtIDAAzzDK7w50nlx3p2PRWvByWeO4Q+czx9FqY7x</latexit>w22

<latexit sha1_base64="mlexUhEmFJpgHZ5NFmTpq43q+90=">AAAB7XicbVBNSwMxEJ2tX7V+VT16CRbBU9nVoh6LXjxWsB/QLiWbZtvYbLIkWaUs+x+8eFDEq//Hm//GtN2Dtj4YeLw3w8y8IOZMG9f9dgorq2vrG8XN0tb2zu5eef+gpWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb6Z++5EqzaS4N5OY+hEeChYygo2VWk/99NzL+uWKW3VnQMvEy0kFcjT65a/eQJIkosIQjrXuem5s/BQrwwinWamXaBpjMsZD2rVU4IhqP51dm6ETqwxQKJUtYdBM/T2R4kjrSRTYzgibkV70puJ/Xjcx4ZWfMhEnhgoyXxQmHBmJpq+jAVOUGD6xBBPF7K2IjLDCxNiASjYEb/HlZdI6q3oX1dpdrVK/zuMowhEcwyl4cAl1uIUGNIHAAzzDK7w50nlx3p2PeWvByWcO4Q+czx9Fqo7x</latexit> w 31

<latexit sha1_base64="vAT9nFL598Ka308k3ji4WeKZOq8=">AAAB7XicbVBNTwIxEJ3FL8Qv1KOXRmLiiewiQY9ELx4xkY8ENqRbulDptpu2qyEb/oMXDxrj1f/jzX9jgT0o+JJJXt6bycy8IOZMG9f9dnJr6xubW/ntws7u3v5B8fCopWWiCG0SyaXqBFhTzgRtGmY47cSK4ijgtB2Mb2Z++5EqzaS4N5OY+hEeChYygo2VWk/99KIy7RdLbtmdA60SLyMlyNDoF796A0mSiApDONa667mx8VOsDCOcTgu9RNMYkzEe0q6lAkdU++n82ik6s8oAhVLZEgbN1d8TKY60nkSB7YywGellbyb+53UTE175KRNxYqggi0VhwpGRaPY6GjBFieETSzBRzN6KyAgrTIwNqGBD8JZfXiWtStmrlat31VL9OosjDydwCufgwSXU4RYa0AQCD/AMr/DmSOfFeXc+Fq05J5s5hj9wPn8ARy+O8g==</latexit> w32

<latexit sha1_base64="5vuydFyGGOUkTe+RkjhPw9iIMIs=">AAACEnicbZDLSsNAFIYn9VbrLerSTbAIrULJtEXdCEU3LivYC7QhTKaTdujkwsxEKSHP4MZXceNCEbeu3Pk2TtIstHpgmI//P4eZ8zsho0Ka5pdWWFpeWV0rrpc2Nre2d/Tdva4IIo5JBwcs4H0HCcKoTzqSSkb6ISfIcxjpOdOr1O/dES5o4N/KWUgsD4196lKMpJJsvRrYMUwuxpV7dcPkGNnwJMV6ivUMGyk2qrZeNmtmVsZfgDmUQV5tW/8cjgIcecSXmCEhBtAMpRUjLilmJCkNI0FChKdoTAYKfeQRYcXZSolxpJSR4QZcHV8amfpzIkaeEDPPUZ0ekhOx6KXif94gku65FVM/jCTx8fwhN2KGDIw0H2NEOcGSzRQgzKn6q4EniCMsVYolFQJcXPkvdOs1eFpr3jTLrcs8jiI4AIegAiA4Ay1wDdqgAzB4AE/gBbxqj9qz9qa9z1sLWj6zD36V9vENflSbdw==</latexit>

o1 = g(w11 ⇤ a1 + w12 ⇤ a2 + w13 ⇤ a3)

Input Output

<latexit sha1_base64="ahaNgsmAq1yKTVkcYvW9FwytZSw=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJKPdpKwICZDySNOiXXSg+r7/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJufOsVnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbYKz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwAA6I2g</latexit>o1

<latexit sha1_base64="05cyP/VQUxlxbyGI57HGndoS9Kc=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh6LXjxWtLXQLiWbZtvQbLIkWaEs/QlePCji1V/kzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewzHNzP/8Ylpw5V8sJOEBTEZSh5xSqyT7lW/1i9XvKo3B14lfk4qkKPZL3/1BoqmMZOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HJYmZCbL5qVN85pQBjpR2JS2eq78nMhIbM4lD1xkTOzLL3kz8z+umNroKMi6T1DJJF4uiVGCr8OxvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEratap/Ua3f1SuN6zyOIpzAKZyDD5fQgFtoQgsoDOEZXuENCfSC3tHHorWA8plj+AP0+QMCbI2h</latexit>o2

<latexit sha1_base64="320VPklRgEWhB8hnnEiRh3xn5cE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDrhY2S</latexit>a1

<latexit sha1_base64="WxkZs5xRs38lJD4l9+FXgHm0HfI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPtCY2T</latexit>a2

<latexit sha1_base64="gsX9/jccenrQQU4UL/6VgISS1Eo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//ciU5rF8MJOE+REOJQ85RWOle+yf98sVt+rOQf4SLycVyNHolz97g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZITqwxIGCtb0pC5+nMiw0jrSRTYzgjNSC97M/E/r5ua8MrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTaAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q3ujY2U</latexit>a3
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airplane classifier

deer classifier

car classifier

Can not solve!
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Hidden layer

<latexit sha1_base64="ahaNgsmAq1yKTVkcYvW9FwytZSw=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJKPdpKwICZDySNOiXXSg+r7/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJufOsVnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbYKz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwAA6I2g</latexit>o1

<latexit sha1_base64="05cyP/VQUxlxbyGI57HGndoS9Kc=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqeyWoh6LXjxWtLXQLiWbZtvQbLIkWaEs/QlePCji1V/kzX9j2u5BWx8MPN6bYWZemAhurOd9o8La+sbmVnG7tLO7t39QPjxqG5VqylpUCaU7ITFMcMlallvBOolmJA4FewzHNzP/8Ylpw5V8sJOEBTEZSh5xSqyT7lW/1i9XvKo3B14lfk4qkKPZL3/1BoqmMZOWCmJM1/cSG2REW04Fm5Z6qWEJoWMyZF1HJYmZCbL5qVN85pQBjpR2JS2eq78nMhIbM4lD1xkTOzLL3kz8z+umNroKMi6T1DJJF4uiVGCr8OxvPOCaUSsmjhCqubsV0xHRhFqXTsmF4C+/vEratap/Ua3f1SuN6zyOIpzAKZyDD5fQgFtoQgsoDOEZXuENCfSC3tHHorWA8plj+AP0+QMCbI2h</latexit>o2

<latexit sha1_base64="MItDSArZe6e36FEGMttqYtQoBvY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE1GPRi8cKpi20oWy2k3bpZhN2N0IJ/Q1ePCji1R/kzX/jts1BWx8MPN6bYWZemAqujet+O6W19Y3NrfJ2ZWd3b/+genjU0kmmGPosEYnqhFSj4BJ9w43ATqqQxqHAdji+m/ntJ1SaJ/LRTFIMYjqUPOKMGiv5o37uTfvVmlt35yCrxCtIDQo0+9Wv3iBhWYzSMEG17npuaoKcKsOZwGmll2lMKRvTIXYtlTRGHeTzY6fkzCoDEiXKljRkrv6eyGms9SQObWdMzUgvezPxP6+bmegmyLlMM4OSLRZFmSAmIbPPyYArZEZMLKFMcXsrYSOqKDM2n4oNwVt+eZW0LureVf3y4bLWuC3iKMMJnMI5eHANDbiHJvjAgMMzvMKbI50X5935WLSWnGLmGP7A+fwBurSOpQ==</latexit>

h1

<latexit sha1_base64="mwHzhFRKkC3Ni9cbXVuTAGpFyEY=">AAAB7HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4rmLbQhrLZTtulm03Y3Qgl9Dd48aCIV3+QN/+N2zYHbX0w8Hhvhpl5YSK4Nq777RQ2Nre2d4q7pb39g8Oj8vFJS8epYuizWMSqE1KNgkv0DTcCO4lCGoUC2+Hkbu63n1BpHstHM00wiOhI8iFn1FjJH/ez2qxfrrhVdwGyTrycVCBHs1/+6g1ilkYoDRNU667nJibIqDKcCZyVeqnGhLIJHWHXUkkj1EG2OHZGLqwyIMNY2ZKGLNTfExmNtJ5Goe2MqBnrVW8u/ud1UzO8CTIuk9SgZMtFw1QQE5P552TAFTIjppZQpri9lbAxVZQZm0/JhuCtvrxOWrWqd1WtP9Qrjds8jiKcwTlcggfX0IB7aIIPDDg8wyu8OdJ5cd6dj2VrwclnTuEPnM8fvDmOpg==</latexit>

h2

<latexit sha1_base64="W6A0mXs28W4jKmfnBtC8HyWtidc=">AAACEnicbZDLSsNAFIYn9VbrLerSzWARWoWStEXdCEU3LivYC7QhTKaTdujkwsxEKSHP4MZXceNCEbeu3Pk2TtIstHpgmI//P4eZ8zsho0IaxpdWWFpeWV0rrpc2Nre2d/Tdva4IIo5JBwcs4H0HCcKoTzqSSkb6ISfIcxjpOdOr1O/dES5o4N/KWUgsD4196lKMpJJsvTqxYzO5GFfu1W0mx8g2T1Ksp1jPsJFio2rrZaNmZAX/gplDGeTVtvXP4SjAkUd8iRkSYmAaobRixCXFjCSlYSRIiPAUjclAoY88Iqw4WymBR0oZQTfg6vgSZurPiRh5Qsw8R3V6SE7EopeK/3mDSLrnVkz9MJLEx/OH3IhBGcA0HziinGDJZgoQ5lT9FeIJ4ghLlWJJhWAurvwXuvWaeVpr3jTLrcs8jiI4AIegAkxwBlrgGrRBB2DwAJ7AC3jVHrVn7U17n7cWtHxmH/wq7eMbcqCbcA==</latexit>

h1 = g(w11 ⇤ a1 + w12 ⇤ a2 + w13 ⇤ a3)

<latexit sha1_base64="320VPklRgEWhB8hnnEiRh3xn5cE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkqMeiF48V7Qe0oWy2k3bpZhN2N0IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4dua3n1BpHstHM0nQj+hQ8pAzaqz0QPtev1xxq+4cZJV4OalAjka//NUbxCyNUBomqNZdz02Mn1FlOBM4LfVSjQllYzrErqWSRqj9bH7qlJxZZUDCWNmShszV3xMZjbSeRIHtjKgZ6WVvJv7ndVMTXvsZl0lqULLFojAVxMRk9jcZcIXMiIkllClubyVsRBVlxqZTsiF4yy+vktZF1bus1u5rlfpNHkcRTuAUzsGDK6jDHTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwDrhY2S</latexit>a1

<latexit sha1_base64="WxkZs5xRs38lJD4l9+FXgHm0HfI=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lKUY9FLx4r2lpoQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgpr6xubW8Xt0s7u3v5B+fCoreNUMWyxWMSqE1CNgktsGW4EdhKFNAoEPgbjm5n/+IRK81g+mEmCfkSHkoecUWOle9qv9csVt+rOQVaJl5MK5Gj2y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnXqt5FtX5XrzSu8ziKcAKncA4eXEIDbqEJLWAwhGd4hTdHOC/Ou/OxaC04+cwx/IHz+QPtCY2T</latexit>a2

<latexit sha1_base64="gsX9/jccenrQQU4UL/6VgISS1Eo=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0m0qMeiF48V7Qe0oUy2m3bpZhN2N0IJ/QlePCji1V/kzX/jts1Bqw8GHu/NMDMvSATXxnW/nMLK6tr6RnGztLW9s7tX3j9o6ThVlDVpLGLVCVAzwSVrGm4E6ySKYRQI1g7GNzO//ciU5rF8MJOE+REOJQ85RWOle+yf98sVt+rOQf4SLycVyNHolz97g5imEZOGCtS667mJ8TNUhlPBpqVeqlmCdIxD1rVUYsS0n81PnZITqwxIGCtb0pC5+nMiw0jrSRTYzgjNSC97M/E/r5ua8MrPuExSwyRdLApTQUxMZn+TAVeMGjGxBKni9lZCR6iQGptOyYbgLb/8l7TOqt5FtXZXq9Sv8ziKcATHcAoeXEIdbqEBTaAwhCd4gVdHOM/Om/O+aC04+cwh/ILz8Q3ujY2U</latexit>a3
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Hidden layer

<latexit sha1_base64="ahaNgsmAq1yKTVkcYvW9FwytZSw=">AAAB6nicbVBNSwMxEJ3Ur1q/qh69BIvgqexKUY9FLx4r2g9ol5JNs21oNlmSrFCW/gQvHhTx6i/y5r8xbfegrQ8GHu/NMDMvTAQ31vO+UWFtfWNzq7hd2tnd2z8oHx61jEo1ZU2qhNKdkBgmuGRNy61gnUQzEoeCtcPx7cxvPzFtuJKPdpKwICZDySNOiXXSg+r7/XLFq3pz4FXi56QCORr98ldvoGgaM2mpIMZ0fS+xQUa05VSwaamXGpYQOiZD1nVUkpiZIJufOsVnThngSGlX0uK5+nsiI7Exkzh0nTGxI7PszcT/vG5qo+sg4zJJLZN0sShKBbYKz/7GA64ZtWLiCKGau1sxHRFNqHXplFwI/vLLq6R1UfUvq7X7WqV+k8dRhBM4hXPw4QrqcAcNaAKFITzDK7whgV7QO/pYtBZQPnMMf4A+fwAA6I2g</latexit>o1
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o1 = w(2)
11 ⇤ h1 + w(2)

21 ⇤ h2



Comparison
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Without hidden layers With hidden layers



Activation Functions
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f(x) = x



Sigmoid
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Tanh
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Activation Functions
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Sigmoid and ReLU

ReLU and Leaky ReLU



Gradient Decent

20Source

Hypothesis:

Parameters:

Cost function: 

Goal:

https://www.youtube.com/watch?v=rIVLE3condE


Gradient Descent
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✓i = ✓i � ↵ ⇤ @L

@✓i
Learning rate

Gradient



Momentum & RMSProp
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vi = �vi + ↵ ⇤ @L

@✓i
✓i = ✓i � vi

Momentum: accelerates the
training process

RMSProp: adjust the learning rate

<latexit sha1_base64="AVX5bemcidgpXI2S/zhZjt3LZ0k="></latexit>
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@✓i

✓i = ✓i � ↵
@L
@✓ip
vi + ✏

Source

https://medium.com/geekculture/a-2021-guide-to-improving-cnns-optimizers-adam-vs-sgd-495848ac6008


Adam
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mi = �1mi + (1� �1) ⇤
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vi = �2vi + (1� �)(
@L

@✓i
)2

Kingma, Diederik P., and Jimmy Ba. “Adam: A method for stochastic optimization.” ICLR (2015).



Example: Training a Classifier
• Data
– MNIST Fashion
– 70,000 grayscale images 
– 10 categories
– 28 * 28 pixels

25

Code: https://colab.research.google.com/drive/1ETGBYYFFSp3RAerKE9WZkBXFxPa5GfYv?usp=sharing



Overfitting vs. Underfitting
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Train / Test / Val
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Labeled Data

Training Testing

Training TestingValidation

Choose the hyper-parameters



Train / Test / Val

28

Labeled Data

Training Testing

Training TestingValidation

Evaluate the performance



Example: Prepare the Data
fashion_mnist = tf.keras.datasets.fashion_mnist

(train_images, train_labels), (test_images, test_labels) = 
fashion_mnist.load_data()

train_images.shape

output: (60000, 28, 28)
test_images.shape

output: (10000, 28, 28)
train_labels

output: array([9, 0, 0, ..., 3, 0, 5], dtype=uint8)
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Example: Prepare the Data
fashion_mnist = tf.keras.datasets.fashion_mnist

(train_images, train_labels), (test_images, test_labels) = 
fashion_mnist.load_data()

train_images.shape

output: (60000, 28, 28)
test_images.shape

output: (10000, 28, 28)
train_labels

output: array([9, 0, 0, ..., 3, 0, 5], dtype=uint8)
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Example: Pre-process
train_images = train_images / 255.0

test_images = test_images / 255.0
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Example: Build the Model
model = tf.keras.Sequential([

tf.keras.layers.Flatten(input_shape=(28, 28)),
tf.keras.layers.Dense(128, activation='relu'),
tf.keras.layers.Dense(10)

])

33

Input layer



Example: Build the Model
model = tf.keras.Sequential([

tf.keras.layers.Flatten(input_shape=(28, 28)),
tf.keras.layers.Dense(128, activation='relu'),
tf.keras.layers.Dense(10)

])
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Hidden layer



Example: Build the Model
model = tf.keras.Sequential([

tf.keras.layers.Flatten(input_shape=(28, 28)),
tf.keras.layers.Dense(128, activation='relu'),
tf.keras.layers.Dense(10)

])
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Output layer



Example: Optimizer
model.compile(

optimizer=tf.keras.optimizers.Adam(learning_rate=1e-3),

loss=tf.keras.losses.SparseCategoricalCrossentropy(from_logits=True),

metrics=['accuracy’])

Learning rate:
– too large: unstable, hard to find the minimal
– too small: local minimal, training is too slow
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Example: Optimizer
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Cross-entropy is usually used to train a classification model:
<latexit sha1_base64="xlXDCsQqYXsz0ByfZmsh194gNZg="></latexit>

` =
CX

c=1

yc ⇤ log(y
0

c)

model.compile(

optimizer=tf.keras.optimizers.Adam(learning_rate=1e-3),

loss=tf.keras.losses.SparseCategoricalCrossentropy(from_logits=True),

metrics=['accuracy’])



Example: Train the Model
model.fit(train_images, train_labels, batch_size=128, epochs=10)

Batch size: the number of samples in one iteration 
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Example: Train the Model
model.fit(train_images, train_labels, batch_size=128, epochs=10)

Batch size: the number of samples in one iteration 
Epoch: the number of passes over the entire training dataset
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Example: Training Log
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Example: Evaluation
test_loss, test_acc = model.evaluate(test_images, test_labels, verbose=2)
print('\nTest accuracy:', test_acc)

output: 313/313 - 0s - loss: 0.3369 - accuracy: 0.8880
Test accuracy: 0.8880000114440918

probability_model = tf.keras.Sequential(

[model, tf.keras.layers.Softmax()])

predictions = probability_model.predict(test_images)

predictions[0]

output: array([9.8546373e-08, 5.0680104e-13, 6.7453760e-07, 1.8696349e-08, 5.5620589e-08, 
8.5184647e-04, 1.2255837e-06, 4.7711013e-03, 9.1507090e-06, 9.9436593e-01], dtype=float32)
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Example: Get Predictions
np.argmax(predictions[0])

Output: 9
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