
6.869/6.819 Advances in Computer Vision Spring 2022

Bill Freeman, Phillip Isola 

Lecture 9
Neural Networks



1. Introduction to Deep Learning

• Brief history 

• Basic formulation (hierarchical processing) 

• Optimization via gradient descent 

• Layer types (Linear, Pointwise non-linearity) 

• Everything is a tensor 

• Deep nets as data transformers
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Parallel Distributed Processing (PDP), 1986



XOR problem

Inputs Output

0       0                          0 
1       0                          1 
0       1                          1 
1       1                          0

PDP authors pointed to the backpropagation algorithm 
as a breakthrough, allowing multi-layer neural networks to be 
trained.  Among the functions that a multi-layer network can 
represent but a single-layer network cannot:  the XOR function.
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LeCun conv nets, 1998

http://yann.lecun.com/exdb/lenet/index.html
Demos:

http://yann.lecun.com/exdb/lenet/index.html


Neural Information Processing Systems 2000

• Neural Information Processing Systems, is the 
premier conference on machine learning.  Evolved 
from an interdisciplinary conference to a machine 
learning conference. 

• For the 2000 conference:  
– title words predictive of paper acceptance:  “Belief 

Propagation” and “Gaussian”. 

– title words predictive of paper rejection:  “Neural” and 
“Network”.
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Krizhevsky, Sutskever, and Hinton, NeurIPS 2012

“Alexnet”
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[“Mask RCNN”, He et al. 2017]



[“Neural module networks”, Andreas et al. 2017]



Ivy Tasi @ivymyt

Vitaly Vidmirov @vvid [“pix2pix”, Isola et al. 2017]



Serre, 2014
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Loss

Learned
Deep learning
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Gradient descent

One iteration of gradient descent:
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Stochastic gradient descent (SGD)
• Want to minimize overall loss function J, which is sum of individual losses over each example. 
• In Stochastic gradient descent, compute gradient on sub-set (batch) of data. 

	 	 If batchsize=1 then θ is updated after each example. 

	 	 If batchsize=N (full set) then this is standard gradient descent. 
• Gradient direction is noisy, relative to average over all examples (standard gradient descent). 
• Advantages 
• Faster: approximate total gradient with small sample 
• Implicit regularizer 

• Disadvantages 
• High variance, unstable updates
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wij
<latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit><latexit sha1_base64="B+4Lu/LQB0Ip8ejrEu2Iy5PNsPU="></latexit>

Linear layer

weights 

bias 
bj

<latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

zj
<latexit sha1_base64="luHm/BdsqcKnM+JbRP/fxkvFjNg="></latexit><latexit sha1_base64="luHm/BdsqcKnM+JbRP/fxkvFjNg="></latexit><latexit sha1_base64="luHm/BdsqcKnM+JbRP/fxkvFjNg="></latexit><latexit sha1_base64="luHm/BdsqcKnM+JbRP/fxkvFjNg="></latexit>

zj =
X

i

wijxi + bj
<latexit sha1_base64="nUUr8GSF1a61JmbzS0y6fnVZ4+k="></latexit><latexit sha1_base64="nUUr8GSF1a61JmbzS0y6fnVZ4+k="></latexit><latexit sha1_base64="nUUr8GSF1a61JmbzS0y6fnVZ4+k="></latexit><latexit sha1_base64="nUUr8GSF1a61JmbzS0y6fnVZ4+k="></latexit>



zj = xTwj + bj
<latexit sha1_base64="KnUi4wFBmJrzLWf0dmcvVQrfa2c="></latexit><latexit sha1_base64="KnUi4wFBmJrzLWf0dmcvVQrfa2c="></latexit><latexit sha1_base64="KnUi4wFBmJrzLWf0dmcvVQrfa2c="></latexit><latexit sha1_base64="KnUi4wFBmJrzLWf0dmcvVQrfa2c="></latexit>

Computation in a neural net

Input 
representation 

Output 
representation 

Linear layer

weights 

bias 

✓ = {W,b}
<latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit><latexit sha1_base64="qh9++MreF0Kvr2Wejnm+bETYhEk="></latexit>

wj
<latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit><latexit sha1_base64="xWDOYYXD2DUdDriueGPmB+ShG5U="></latexit>

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

bj
<latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit><latexit sha1_base64="zY1m5cH1E3CgQhbQ4lbUrinuPJs=">AAACPXicfZDNSsNAFIUn/tb4r0s3wSqISElE0GVRF25ERauFppSb6U0cO5mEmYlYQh/BrT6Oz+EDuBO3bp3WCGrFCwMf556ZufcEKWdKu+6zNTI6Nj4xWZqyp2dm5+YXFpcuVZJJijWa8ETWA1DImcCaZppjPZUIccDxKugc9PtXtygVS8SF7qbYjCESLGQUtJHOg9ZNa6HsVtxBOcPgFVAmRZ22Fq01v53QLEahKQelGp6b6mYOUjPKsWf7mcIUaAcibBgUEKNq5oNZe866UdpOmEhzhHYG6vcbOcRKdePAOGPQ1+p3ry/+1WtkOtxr5kykmUZBPz8KM+7oxOkv7rSZRKp51wBQycysDr0GCVSbeGzbP0SzjMRj8/BJihJ0IjdzH2QUw13PLBf5W336z8jEl9GQydX7neIwXG5XPLfine2Uq/tFwiWyQlbJBvHILqmSI3JKaoSSiNyTB/JoPVkv1qv19mkdsYo7y+RHWe8fMU2uhg==</latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

parameters of the model 

zj
<latexit sha1_base64="luHm/BdsqcKnM+JbRP/fxkvFjNg="></latexit><latexit sha1_base64="luHm/BdsqcKnM+JbRP/fxkvFjNg="></latexit><latexit sha1_base64="luHm/BdsqcKnM+JbRP/fxkvFjNg="></latexit><latexit sha1_base64="luHm/BdsqcKnM+JbRP/fxkvFjNg="></latexit>



Input 
representation 

Output 
representation 

x
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g(z) =

(
1, if z > 0

0, otherwise
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Computation in a neural net

“Perceptron”
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2 CHAPTER 9. NEURAL NETS

People got excited about perceptrons in the late 1950s because it was shown that they
can learn to classify data [Rosenblatt, 1957]. Let’s see how that works. We will consider
a perceptron with two inputs, x1 and x2, and one output, y. Let the incoming connection
weights be w1 = 2, w2 = 1, and b = 0. z and y, as a function of x1 and x2, look like this:
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y takes on values 0 or 1, so you can think of this as a classifier that assigns a class label
of 1 to the upper-right half of the plotted region.

So a perceptron acts like a classifier, but how can we use it to learn? The idea is that
given data, {x(i), y(i)}Ni=1, we will adjust the weights w and the bias b, in order to minimize
a classification loss, L:

w⇤, b⇤ = argmin
w,b

1

N

NX

i=1

L(wTx(i) + b, y(i)) (9.4)

In the picture above, this optimization process corresponds to shifting and rotating the
classification boundary, until you find a line that separates data labeled as y = 0 from data
labeled as y = 1:
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Perceptrons can solve linearly separable binary classification problems, but they are oth-
erwise rather limited. For one, they only produce a single output. What if we want multiple
outputs? We can achieve this by adding edges that “fan out” after the perceptron:

x

...

z h

y

...

This network maps an input layer of data x to a layer of outputs y. The neurons in
between inputs and outputs are called hidden units, shaded in gray. Here, z is a pre-
activation hidden unit and h is a post-activation hidden unit, i.e. h = g(z) where g(·) is
an activation function like in Eqn. 9.2.

Example: linear classification with a perceptron

z = xTw + b
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y = g(z)
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One layer neural net 
(perceptron) can  
perform linear 
classification!



w⇤, b⇤ = argmin
w,b

NX

i=1

L(g(z(i)), y(i))
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y takes on values 0 or 1, so you can think of this as a classifier that assigns a class label
of 1 to the upper-right half of the plotted region.
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Perceptrons can solve linearly separable binary classification problems, but they are oth-
erwise rather limited. For one, they only produce a single output. What if we want multiple
outputs? We can achieve this by adding edges that “fan out” after the perceptron:
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b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit>

g(z)
<latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit>

z
<latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit>

g(z) =

(
1, if z > 0

0, otherwise
<latexit sha1_base64="k2FAVUgRH44kzqhCWeJIjVGeIu4="></latexit><latexit sha1_base64="k2FAVUgRH44kzqhCWeJIjVGeIu4="></latexit><latexit sha1_base64="k2FAVUgRH44kzqhCWeJIjVGeIu4="></latexit><latexit sha1_base64="k2FAVUgRH44kzqhCWeJIjVGeIu4="></latexit>

z
<latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit>

g(z)
<latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit>



Computation in a neural net — nonlinearity

Input 
representation 

Output 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit> w

<latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit><latexit sha1_base64="flGO7PvVKXBCQgR5lTxUTj9RLc4="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

b
<latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit><latexit sha1_base64="Zw6uj4B9ijrxqqr5GkbNE3e9deo=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1U9lvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwBzza2p</latexit>

z
<latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit>

g(z)
<latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit>

Tanh

g(z)
<latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit>

z
<latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit>

g(z) =
ez � e�z

ez + e�z
<latexit sha1_base64="gogLq+izTHPQxSLX6nm2vN925B8="></latexit><latexit sha1_base64="gogLq+izTHPQxSLX6nm2vN925B8="></latexit><latexit sha1_base64="gogLq+izTHPQxSLX6nm2vN925B8="></latexit><latexit sha1_base64="gogLq+izTHPQxSLX6nm2vN925B8="></latexit>



Tanh
• Bounded between [-1,+1] 

• Saturation for large +/- inputs 

• Gradients go to zero 

• Outputs centered at 0 

• tanh(z) = 2 sigmoid(2z) −1

Computation in a neural net — nonlinearity

g(z)
<latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit>

z
<latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit>

g(z) =
ez � e�z

ez + e�z
<latexit sha1_base64="gogLq+izTHPQxSLX6nm2vN925B8="></latexit><latexit sha1_base64="gogLq+izTHPQxSLX6nm2vN925B8="></latexit><latexit sha1_base64="gogLq+izTHPQxSLX6nm2vN925B8="></latexit><latexit sha1_base64="gogLq+izTHPQxSLX6nm2vN925B8="></latexit>



Sigmoid• Interpretation as firing rate of neuron 

• Bounded between [0,1] 

• Saturation for large +/- inputs 

• Gradients go to zero 

• Outputs centered at 0.5  
	 	 (poor conditioning) 

• Not used in practice

Computation in a neural net — nonlinearity

g(z)
<latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit>

z
<latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit>

g(z) =
1

1 + e�h
<latexit sha1_base64="lqMmu5e13qPSKK+xiel2Ox1f280="></latexit><latexit sha1_base64="lqMmu5e13qPSKK+xiel2Ox1f280="></latexit><latexit sha1_base64="lqMmu5e13qPSKK+xiel2Ox1f280="></latexit><latexit sha1_base64="lqMmu5e13qPSKK+xiel2Ox1f280="></latexit>



Rectified linear unit (ReLU)• Unbounded output (on positive side) 

• Efficient to implement: 

• Also seems to help convergence (see 
6x speedup vs tanh in [Krizhevsky et al.]) 

• Drawback: if strongly in negative 
region, unit is dead forever (no gradient). 

• Default choice: widely used in current 
models.

Computation in a neural net — nonlinearity

g(z)
<latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit>

z
<latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit>

g(z) = max(0, z)
<latexit sha1_base64="0O/FsMRCypScGN2fX7cQTdhskxg="></latexit><latexit sha1_base64="0O/FsMRCypScGN2fX7cQTdhskxg="></latexit><latexit sha1_base64="0O/FsMRCypScGN2fX7cQTdhskxg="></latexit><latexit sha1_base64="0O/FsMRCypScGN2fX7cQTdhskxg="></latexit>

@g

@z
=

(
0, if z < 0

1, if z � 0
<latexit sha1_base64="fSU7bk9GjTWJFl5F8f1kAQjkcQ0="></latexit><latexit sha1_base64="fSU7bk9GjTWJFl5F8f1kAQjkcQ0="></latexit><latexit sha1_base64="fSU7bk9GjTWJFl5F8f1kAQjkcQ0="></latexit><latexit sha1_base64="fSU7bk9GjTWJFl5F8f1kAQjkcQ0="></latexit>



Leaky ReLU
• where α is small (e.g. 0.02) 

• Efficient to implement: 

• Also known as probabilistic ReLU (PReLU) 

• Has non-zero gradients everywhere (unlike 
ReLU) 

• α can also be learned (see Kaiming He et 
al. 2015).

Computation in a neural net — nonlinearity

g(z)
<latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit><latexit sha1_base64="dOsfA/lr3e7vBRyNZryVp8UGO0s="></latexit>

z
<latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit><latexit sha1_base64="97Y6Yti+iNsHVVd/e9hcksOJR7c="></latexit>

g(z) =

(
max(0, z), if z � 0

amin(0, z), if z < 0
<latexit sha1_base64="16TLoMrOjMJdNbXQXBJds+UPnuQ="></latexit><latexit sha1_base64="16TLoMrOjMJdNbXQXBJds+UPnuQ="></latexit><latexit sha1_base64="16TLoMrOjMJdNbXQXBJds+UPnuQ="></latexit><latexit sha1_base64="16TLoMrOjMJdNbXQXBJds+UPnuQ="></latexit>

@g

@z
=

(
�a, if z < 0

1, if z � 0
<latexit sha1_base64="9SHdLshY1vndpEXiN9PGtNcSHDo="></latexit><latexit sha1_base64="9SHdLshY1vndpEXiN9PGtNcSHDo="></latexit><latexit sha1_base64="9SHdLshY1vndpEXiN9PGtNcSHDo="></latexit><latexit sha1_base64="9SHdLshY1vndpEXiN9PGtNcSHDo="></latexit>



Output 
representation 

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>W2j

<latexit sha1_base64="ICSncKfXZy02Q7MZVSUpz+cfNvY="></latexit><latexit sha1_base64="ICSncKfXZy02Q7MZVSUpz+cfNvY="></latexit><latexit sha1_base64="ICSncKfXZy02Q7MZVSUpz+cfNvY="></latexit><latexit sha1_base64="ICSncKfXZy02Q7MZVSUpz+cfNvY="></latexit>

b2j
<latexit sha1_base64="sIEXiCHODMgcQ4G4CLD1L87aJ0I="></latexit><latexit sha1_base64="sIEXiCHODMgcQ4G4CLD1L87aJ0I="></latexit><latexit sha1_base64="sIEXiCHODMgcQ4G4CLD1L87aJ0I="></latexit><latexit sha1_base64="sIEXiCHODMgcQ4G4CLD1L87aJ0I="></latexit>

= “hidden units”z,h
<latexit sha1_base64="aGpK7NeITshqseeOI0Vm2a15tJA="></latexit><latexit sha1_base64="aGpK7NeITshqseeOI0Vm2a15tJA="></latexit><latexit sha1_base64="aGpK7NeITshqseeOI0Vm2a15tJA="></latexit><latexit sha1_base64="aGpK7NeITshqseeOI0Vm2a15tJA="></latexit>

h = g(z)
<latexit sha1_base64="yGxpKzY5g7VytsKJnsXzIQ9RIc4="></latexit><latexit sha1_base64="yGxpKzY5g7VytsKJnsXzIQ9RIc4="></latexit><latexit sha1_base64="yGxpKzY5g7VytsKJnsXzIQ9RIc4="></latexit><latexit sha1_base64="yGxpKzY5g7VytsKJnsXzIQ9RIc4="></latexit>

Input 
representation 

Intermediate 
representation

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

W1j
<latexit sha1_base64="XwHOi/L6VfzGOO68lOcLsfd6xt0="></latexit><latexit sha1_base64="XwHOi/L6VfzGOO68lOcLsfd6xt0="></latexit><latexit sha1_base64="XwHOi/L6VfzGOO68lOcLsfd6xt0="></latexit><latexit sha1_base64="XwHOi/L6VfzGOO68lOcLsfd6xt0="></latexit>

b1j
<latexit sha1_base64="1z7BpdpQHLm75A2KziI0V1BvUsY="></latexit><latexit sha1_base64="1z7BpdpQHLm75A2KziI0V1BvUsY="></latexit><latexit sha1_base64="1z7BpdpQHLm75A2KziI0V1BvUsY="></latexit><latexit sha1_base64="1z7BpdpQHLm75A2KziI0V1BvUsY="></latexit>

z
<latexit sha1_base64="wuPPxHGycRk9LxdCP3Oa7Y9dA/8="></latexit><latexit sha1_base64="wuPPxHGycRk9LxdCP3Oa7Y9dA/8="></latexit><latexit sha1_base64="wuPPxHGycRk9LxdCP3Oa7Y9dA/8="></latexit><latexit sha1_base64="wuPPxHGycRk9LxdCP3Oa7Y9dA/8="></latexit>



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W1
<latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit>

W2
<latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit>

b2
<latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit>

b1
<latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit>

h = g(W1x+ b1)
<latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit>

✓ = {W1, . . . ,WL,b1, . . . ,bL}
<latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit>

y = g(W2h+ b2)
<latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit>



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

positive

negative

W1
<latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit>

W2
<latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit>

b2
<latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit>

b1
<latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit>

h = g(W1x+ b1)
<latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit>

✓ = {W1, . . . ,WL,b1, . . . ,bL}
<latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit>

y = g(W2h+ b2)
<latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit>



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

positive

negative

W1
<latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit>

W2
<latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit>

b2
<latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit>

b1
<latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit>

h = g(W1x+ b1)
<latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit>

✓ = {W1, . . . ,WL,b1, . . . ,bL}
<latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit>

y = g(W2h+ b2)
<latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit>



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

positive

negative

W1
<latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit>

W2
<latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit>

b2
<latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit>

b1
<latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit>

h = g(W1x+ b1)
<latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit>

✓ = {W1, . . . ,WL,b1, . . . ,bL}
<latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit>

y = g(W2h+ b2)
<latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit>



1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Input 
representation 

Intermediate 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

1
<latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit><latexit sha1_base64="pmA/HjHGmdiSmfGZsk6vLuvv37s=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UdlvZvFNwxmXPgzuFPJlWqZWz9r12SOMAhaYclGq4TqSbCUjNKMdhxosVRkD70MWGQQEBqmYynnRoHxilbXdCaY7Q9lj9eSOBQKlB4BtnALqnZnsj8a9eI9ad82bCRBRrFHTyUSfmtg7t0dp2m0mkmg8MAJXMzGrTHkig2oSTyXhXaJaReGMevo1Qgg7lUeKB7AbwMDTLdb3jEf1nZOLbaMjk6s6mOA/Vk4LrFNzyab54MU04TXbJHjkkLjkjRXJNSqRCKEHySJ7Is/VivVnv1sfEmrKmd3bIr7I+vwAZpq14</latexit>

Stacking layers

Output 
representation 

h
<latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit><latexit sha1_base64="s/jkUN/MTrcLX2+8k4Crz0Qr6uA="></latexit>

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

positive

negative

W1
<latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit>

W2
<latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit>

b2
<latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit><latexit sha1_base64="5MwP7xf6ASLYowwB5XDJVhjzjdE="></latexit>

b1
<latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit><latexit sha1_base64="XE/R5hsS4r3du/dwinOKWbsYbyY="></latexit>

h = g(W1x+ b1)
<latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit><latexit sha1_base64="T97IlXEUqQSG5OtBHdZ7C8BdiL4="></latexit>

✓ = {W1, . . . ,WL,b1, . . . ,bL}
<latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit><latexit sha1_base64="UYKHQCeRTBK6zzXpN5cVewrrQC4="></latexit>

y = g(W2h+ b2)
<latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit><latexit sha1_base64="i+DtCKKtAI8/Fx8qxfdIpT5JMjM="></latexit>



Input 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

Output 
representation 

Connectivity patterns

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

Fully connected layer Locally connected layer 
(Sparse W)

Input 
representation 

x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit>

Output 
representation 

y
<latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit><latexit sha1_base64="FmyeR3JezGV1zyZooGEWDLpYmZ0="></latexit>

W1
<latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit><latexit sha1_base64="7zmfFSWkmySnYz5rcxiDJvwFEdI="></latexit>

W2
<latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit><latexit sha1_base64="okLYwP/0DrCOfvcAggPbGlR8pBY="></latexit>



“clown fish”

Lin
ea

r

Non
-lin

ea
rity

…

Clas
sify

Deep nets

f(x) = fL(fL�1(. . . f2(f1(x))))
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2 CHAPTER 9. NEURAL NETS

People got excited about perceptrons in the late 1950s because it was shown that they
can learn to classify data [Rosenblatt, 1957]. Let’s see how that works. We will consider
a perceptron with two inputs, x1 and x2, and one output, y. Let the incoming connection
weights be w1 = 2, w2 = 1, and b = 0. z and y, as a function of x1 and x2, look like this:
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y takes on values 0 or 1, so you can think of this as a classifier that assigns a class label
of 1 to the upper-right half of the plotted region.

So a perceptron acts like a classifier, but how can we use it to learn? The idea is that
given data, {x(i), y(i)}Ni=1, we will adjust the weights w and the bias b, in order to minimize
a classification loss, L:

w⇤, b⇤ = argmin
w,b

1

N

NX

i=1

L(wTx(i) + b, y(i)) (9.4)

In the picture above, this optimization process corresponds to shifting and rotating the
classification boundary, until you find a line that separates data labeled as y = 0 from data
labeled as y = 1:
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Perceptrons can solve linearly separable binary classification problems, but they are oth-
erwise rather limited. For one, they only produce a single output. What if we want multiple
outputs? We can achieve this by adding edges that “fan out” after the perceptron:

x

...

z h

y

...

This network maps an input layer of data x to a layer of outputs y. The neurons in
between inputs and outputs are called hidden units, shaded in gray. Here, z is a pre-
activation hidden unit and h is a post-activation hidden unit, i.e. h = g(z) where g(·) is
an activation function like in Eqn. 9.2.

Example: linear classification with a perceptron

z = xTw + b
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y = g(z)
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One layer neural net 
(perceptron) can  
perform linear 
classification! 



Example: nonlinear classification with a deep net net

4 CHAPTER 9. NEURAL NETS

of the signal being processed. The inputs x are a “raw” representation of the signal whereas
later layers of neurons are transformed representations. Often, we will not worry about
distinguishing between inputs, hidden units, and outputs, and simply refer to the data in a
network, layer by layer, as a sequence [x1, . . . ,xL].

Parameters are the weights and biases mentioned above. These are the variables being
learned. Both data and parameters are tensors of variables.

Often we think of a layer as a function xl+1 = fl(xl), but we can also make the parameters
explicit and think of each layer as a function:

xl+1 = fl(xl, ✓l) (9.9)

That is, each layer takes the data from the previous layer, as well as parameters of the
current layer as input, and produces data of the next layer. Varying either the input data
or the input parameters will a↵ect the output of the layer. From this perspective, anything
we can do with parameters, we can do with data instead, and vice versa, and that is the
basis for a lot of applications and tricks. For example, while normally we learn the values
of the parameters, we could instead hold the parameters fixed and learn the values of the
data that achieve some objective. In fact this is what is done in applications such as style
transfer, adversarial attacks, and network visualization, which we will see in more detail in
later chapters.

9.1.2 Deep nets can perform nonlinear classification

Let’s return to our binary classification problem from above, but now make the two classes
not linearly separable: Here there is no line that can separate the zeros from the ones.
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Nonetheless, we will demonstrate a multilayer network that can solve this problem. The
trick is to just add more layers!
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Consider using the following settings for W1 and W2:

W1 =


1 �1
2 1

�
, W2 =

⇥
1 �1

⇤
(9.10)

The full net then performs the following operation:

z1 = �x1 + x2, z2 = x1 + 2x2 / linear (9.11)

h1 = max(z1, 0), h2 = max(z2, 0) / relu (9.12)

z3 = h1 � h2 / linear (9.13)

y = 1(z3 > 0) / threshold (9.14)

9.1. DEEP NETS 3

More commonly we might have many hidden units in stack, which we call a hidden
layer:

How many layers does
this net have? Some texts
will say two [W1, W2],
others three [x, {z,h}, y],
others four [x, h, z, y].
We must get comfortable
with the ambiguity.
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The equation for this neural net is:

z = W1x+ b1 (9.5)

h = g(z) (9.6)

y = W2h+ b2 (9.7)

The activation g could be the threshold function like in Eqn. 9.2, but more generally it
can be any pointwise nonlinearity, that is, g(h) = [g̃(h1), . . . , g̃0(hN )] and g̃ is any nonlinear
function mapping R ! R.

This kind of sequence – linear layer, pointwise nonlinearity, linear layer, pointwise non-
linearity, and so on – is the prototpyical motif in deep neural networks.

9.1 Deep nets

Deep nets are neural nets that stack the above motif many times:
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Each layer is a function. Therefore, a deep net is a composition of many functions:

f(x) = fL(fL�1(. . . f2(f1(x)))) (9.8)

These functions are parameterized by weights [W1, . . . ,WL] and biases [b1, . . . ,bL]. Some
layers we will see later have other parameters. Collectively, we will refer to the concatenation
of all the parameters in a deep net as ✓.

Deep nets are powerful because they can perform nonlinear mappings. In fact, a deep
net with su�ciently many neurons can fit almost any desired function arbitrarily closely.
The universal approximation theorem [Cybenko1989] states that this is true even for
a network with just a single hidden layer. The caveat is that the number of neurons in
the hidden layers will have to be very large in order to fit complicated functions. Also,
technically, this theorem only holds for continuous functions on compact subsets of RN – for
example a neural net cannot fit non-computable functions.

9.1.1 Data vs parameters

When working with deep nets it’s useful to distinguish data and parameters. The “data”
are the values that the nodes take on, [x, z1,h1, . . . , zL�1,hL�1,y]. It may seem strange at
first to call all these variables data, but the idea is that all these values are representations

z3 = W2h+ b2
<latexit sha1_base64="aQZ1pNZFfTAXJibEh+mY5YIT/2M=">AAACC3icbZDLSsNAFIZP6q3WW9Slm6FFEISSVEE3QtGNywr2Am0Ik+mkHTq5MDMRasjeja/ixoUibn0Bd76N0zaCtv4w8PGfc5hzfi/mTCrL+jIKS8srq2vF9dLG5tb2jrm715JRIghtkohHouNhSTkLaVMxxWknFhQHHqdtb3Q1qbfvqJAsCm/VOKZOgAch8xnBSluuWb53T9AF6gVYDT0/bWdu7YeHGTpGnltzzYpVtaZCi2DnUIFcDdf87PUjkgQ0VIRjKbu2FSsnxUIxwmlW6iWSxpiM8IB2NYY4oNJJp7dk6FA7feRHQr9Qoan7eyLFgZTjwNOdkz3lfG1i/lfrJso/d1IWxomiIZl95CccqQhNgkF9JihRfKwBE8H0rogMscBE6fhKOgR7/uRFaNWqtlW1b04r9cs8jiIcQBmOwIYzqMM1NKAJBB7gCV7g1Xg0no03433WWjDymX34I+PjGwhUmcI=</latexit><latexit sha1_base64="si3W5BfN8QJ8bv7gDb5qJAvQ5wA=">AAACMHicjVDLSsNAFL2pr1pfUZduhhZBEEpSBd0IRTcuFewD2hIm00k7dPJgZiLUkL1f48KN/+FKFyJu/QonbQRtXXhg4HDOvdw5x404k8qyXo3CwuLS8kpxtbS2vrG5ZW7vNGUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1kfuuWCsnC4EaNI9rz8SBgHiNYackxy3fOETpDXR+roeslrdSpffNhig6R69Qcs2JVrQnQPLFzUoEc/xt3zOduPySxTwNFOJayY1uR6iVYKEY4TUvdWNIIkxEe0I6mAfap7CWTwCna10ofeaHQL1Boov7cSLAv5dh39WQWRs56mfiX14mVd9pLWBDFigZkesiLOVIhytpDfSYoUXysCSaC6b8iMsQCE6U7Luno9mzQedKsVW2ral8fV+rneWdF2IMyHIANJ1CHS7iCBhC4hwd4gjfj0Xgx3o2P6WjByHd24ReMzy8aRqE7</latexit><latexit sha1_base64="si3W5BfN8QJ8bv7gDb5qJAvQ5wA=">AAACMHicjVDLSsNAFL2pr1pfUZduhhZBEEpSBd0IRTcuFewD2hIm00k7dPJgZiLUkL1f48KN/+FKFyJu/QonbQRtXXhg4HDOvdw5x404k8qyXo3CwuLS8kpxtbS2vrG5ZW7vNGUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1kfuuWCsnC4EaNI9rz8SBgHiNYackxy3fOETpDXR+roeslrdSpffNhig6R69Qcs2JVrQnQPLFzUoEc/xt3zOduPySxTwNFOJayY1uR6iVYKEY4TUvdWNIIkxEe0I6mAfap7CWTwCna10ofeaHQL1Boov7cSLAv5dh39WQWRs56mfiX14mVd9pLWBDFigZkesiLOVIhytpDfSYoUXysCSaC6b8iMsQCE6U7Luno9mzQedKsVW2ral8fV+rneWdF2IMyHIANJ1CHS7iCBhC4hwd4gjfj0Xgx3o2P6WjByHd24ReMzy8aRqE7</latexit><latexit sha1_base64="si3W5BfN8QJ8bv7gDb5qJAvQ5wA=">AAACMHicjVDLSsNAFL2pr1pfUZduhhZBEEpSBd0IRTcuFewD2hIm00k7dPJgZiLUkL1f48KN/+FKFyJu/QonbQRtXXhg4HDOvdw5x404k8qyXo3CwuLS8kpxtbS2vrG5ZW7vNGUYC0IbJOShaLtYUs4C2lBMcdqOBMW+y2nLHV1kfuuWCsnC4EaNI9rz8SBgHiNYackxy3fOETpDXR+roeslrdSpffNhig6R69Qcs2JVrQnQPLFzUoEc/xt3zOduPySxTwNFOJayY1uR6iVYKEY4TUvdWNIIkxEe0I6mAfap7CWTwCna10ofeaHQL1Boov7cSLAv5dh39WQWRs56mfiX14mVd9pLWBDFigZkesiLOVIhytpDfSYoUXysCSaC6b8iMsQCE6U7Luno9mzQedKsVW2ral8fV+rneWdF2IMyHIANJ1CHS7iCBhC4hwd4gjfj0Xgx3o2P6WjByHd24ReMzy8aRqE7</latexit>

y = 1(z3 > 0)
<latexit sha1_base64="rmLAAKpQa1/KqX+AwlSHZmK9W5k=">AAAB+HicbVBNS8NAEJ34WetHox69LBahXkqigl6UohePFewHtCFstpt26WYTdjdCWvpLvHhQxKs/xZv/xm2bg7Y+GHi8N8PMvCDhTGnH+bZWVtfWNzYLW8Xtnd29kr1/0FRxKgltkJjHsh1gRTkTtKGZ5rSdSIqjgNNWMLyb+q0nKhWLxaPOEupFuC9YyAjWRvLtUoaukVsZ+efoBjmnyLfLTtWZAS0TNydlyFH37a9uLyZpRIUmHCvVcZ1Ee2MsNSOcTordVNEEkyHu046hAkdUeePZ4RN0YpQeCmNpSmg0U39PjHGkVBYFpjPCeqAWvan4n9dJdXjljZlIUk0FmS8KU450jKYpoB6TlGieGYKJZOZWRAZYYqJNVkUTgrv48jJpnlVdp+o+XJRrt3kcBTiCY6iAC5dQg3uoQwMIpPAMr/BmjawX6936mLeuWPnMIfyB9fkDz9WQkw==</latexit><latexit sha1_base64="vU6Fbo3KDuZZrMbM5tDD8KwdRuQ=">AAACHXicjVDLSsNAFL3xWeujUZduBotQNyVRQTdK0Y1LBfuANoTJdNIOnUzCzESIpV/iwo2/4kbEhRvxb5y2WWjrwgMDh3PO5c49QcKZ0o7zZS0sLi2vrBbWiusbm1sle3unoeJUElonMY9lK8CKciZoXTPNaSuRFEcBp81gcDX2m/dUKhaLO50l1ItwT7CQEayN5NulDJ0jt/LgH6ML5Bwi3y47VWcCNE/cnJQhx//ivv3R6cYkjajQhGOl2q6TaG+IpWaE01GxkyqaYDLAPdo2VOCIKm84uW6EDozSRWEszRMaTdSfE0McKZVFgUlGWPfVrDcW//LaqQ7PvCETSaqpINNFYcqRjtG4KtRlkhLNM0Mwkcz8FZE+lphoU2jRnO7OHjpPGkdV16m6tyfl2mXeWQH2YB8q4MIp1OAabqAOBFJ4hGd4tZ6sF+vNep9GF6x8Zhd+wfr8BqakmAw=</latexit><latexit sha1_base64="vU6Fbo3KDuZZrMbM5tDD8KwdRuQ=">AAACHXicjVDLSsNAFL3xWeujUZduBotQNyVRQTdK0Y1LBfuANoTJdNIOnUzCzESIpV/iwo2/4kbEhRvxb5y2WWjrwgMDh3PO5c49QcKZ0o7zZS0sLi2vrBbWiusbm1sle3unoeJUElonMY9lK8CKciZoXTPNaSuRFEcBp81gcDX2m/dUKhaLO50l1ItwT7CQEayN5NulDJ0jt/LgH6ML5Bwi3y47VWcCNE/cnJQhx//ivv3R6cYkjajQhGOl2q6TaG+IpWaE01GxkyqaYDLAPdo2VOCIKm84uW6EDozSRWEszRMaTdSfE0McKZVFgUlGWPfVrDcW//LaqQ7PvCETSaqpINNFYcqRjtG4KtRlkhLNM0Mwkcz8FZE+lphoU2jRnO7OHjpPGkdV16m6tyfl2mXeWQH2YB8q4MIp1OAabqAOBFJ4hGd4tZ6sF+vNep9GF6x8Zhd+wfr8BqakmAw=</latexit><latexit sha1_base64="vU6Fbo3KDuZZrMbM5tDD8KwdRuQ=">AAACHXicjVDLSsNAFL3xWeujUZduBotQNyVRQTdK0Y1LBfuANoTJdNIOnUzCzESIpV/iwo2/4kbEhRvxb5y2WWjrwgMDh3PO5c49QcKZ0o7zZS0sLi2vrBbWiusbm1sle3unoeJUElonMY9lK8CKciZoXTPNaSuRFEcBp81gcDX2m/dUKhaLO50l1ItwT7CQEayN5NulDJ0jt/LgH6ML5Bwi3y47VWcCNE/cnJQhx//ivv3R6cYkjajQhGOl2q6TaG+IpWaE01GxkyqaYDLAPdo2VOCIKm84uW6EDozSRWEszRMaTdSfE0McKZVFgUlGWPfVrDcW//LaqQ7PvCETSaqpINNFYcqRjtG4KtRlkhLNM0Mwkcz8FZE+lphoU2jRnO7OHjpPGkdV16m6tyfl2mXeWQH2YB8q4MIp1OAabqAOBFJ4hGd4tZ6sF+vNep9GF6x8Zhd+wfr8BqakmAw=</latexit>



• 1 layer? Linear decision surface. 

• 2+ layers? In theory, can represent any function. Assuming 
non-trivial non-linearity. 
– Bengio 2009, 

http://www.iro.umontreal.ca/~bengioy/papers/ftml.pdf 

– Bengio, Courville, Goodfellow book 
  http://www.deeplearningbook.org/contents/mlp.html 

– Simple proof by M. Neilsen 
http://neuralnetworksanddeeplearning.com/chap4.html 

–  D. Mackay book  
   http://www.inference.phy.cam.ac.uk/mackay/itprnn/ps/482.491.pdf 

• But issue is efficiency: very wide two layers vs narrow deep 
model? In practice, more layers helps.

Representational power

http://www.iro.umontreal.ca/~bengioy/papers/ftml.pdf
http://www.deeplearningbook.org/contents/mlp.html
http://neuralnetworksanddeeplearning.com/chap4.html
http://www.inference.phy.cam.ac.uk/mackay/itprnn/ps/482.491.pdf


“clown fish”
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Deep nets

f(x) = fL(fL�1(. . . f2(f1(x))))
<latexit sha1_base64="0kfsgmoKuno7K+H+X/NZGehYcN8="></latexit><latexit sha1_base64="0kfsgmoKuno7K+H+X/NZGehYcN8="></latexit><latexit sha1_base64="0kfsgmoKuno7K+H+X/NZGehYcN8="></latexit><latexit sha1_base64="0kfsgmoKuno7K+H+X/NZGehYcN8="></latexit>



Last layer
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clown fish

“clown fish”argmax

Classifier layer



“clown fish”

Loss error

Network output

…

…
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elephant

clown fish

Ground truth label

Loss function



“clown fish”

Loss small

Network output

…

…

dolphin

cat

grizzly bear

angel fish

chameleon
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elephant

clown fish

Ground truth label

Loss function



“grizzly bear”

Loss large

Network output

…

…

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

Ground truth label

Loss function



Network output

…

dolphin

cat

grizzly bear

angel fish

chameleon

clown fish

Ground truth label

…

iguana

elephant

ŷ
<latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit><latexit sha1_base64="tWQIP+KV9eGBjLW2hKyoWJUSSLU="></latexit>

y

H(y, ŷ) = �
KX

k=1

yk log ŷk
<latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit><latexit sha1_base64="z4a0YSpCyf+cJYSWnbTw3VATAt0="></latexit>

Probability of the observed 
data under the model

softmax
<latexit sha1_base64="tAXzzS+gG2wvCEcgX7zJw4Zpm3c="></latexit><latexit sha1_base64="tAXzzS+gG2wvCEcgX7zJw4Zpm3c="></latexit><latexit sha1_base64="tAXzzS+gG2wvCEcgX7zJw4Zpm3c="></latexit><latexit sha1_base64="tAXzzS+gG2wvCEcgX7zJw4Zpm3c="></latexit>



“clown fish”

Loss

Learned
Deep learning

✓1
<latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit>

✓2
<latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit>

✓3
<latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit>

✓4
<latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit>

✓5
<latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit>

✓6
<latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(x(i)),y(i))
<latexit sha1_base64="Q10CJJ1ondCg8EG7JnRaFON1ooM="></latexit><latexit sha1_base64="Q10CJJ1ondCg8EG7JnRaFON1ooM="></latexit><latexit sha1_base64="Q10CJJ1ondCg8EG7JnRaFON1ooM="></latexit><latexit sha1_base64="Q10CJJ1ondCg8EG7JnRaFON1ooM="></latexit>

L(f✓(x(1)),y(1))
<latexit sha1_base64="AxfEfaDi2Xp+UMcTF1ISeHOkWEQ="></latexit><latexit sha1_base64="AxfEfaDi2Xp+UMcTF1ISeHOkWEQ="></latexit><latexit sha1_base64="AxfEfaDi2Xp+UMcTF1ISeHOkWEQ="></latexit><latexit sha1_base64="AxfEfaDi2Xp+UMcTF1ISeHOkWEQ="></latexit>

x(1)
<latexit sha1_base64="pFtOTfXjs4UlVcYnXnDlsg2N6AA="></latexit><latexit sha1_base64="pFtOTfXjs4UlVcYnXnDlsg2N6AA="></latexit><latexit sha1_base64="pFtOTfXjs4UlVcYnXnDlsg2N6AA="></latexit><latexit sha1_base64="pFtOTfXjs4UlVcYnXnDlsg2N6AA="></latexit>

y(1)
<latexit sha1_base64="AEwONhjIH1HfFsQ15EVp0LoIn20="></latexit><latexit sha1_base64="AEwONhjIH1HfFsQ15EVp0LoIn20="></latexit><latexit sha1_base64="AEwONhjIH1HfFsQ15EVp0LoIn20="></latexit><latexit sha1_base64="AEwONhjIH1HfFsQ15EVp0LoIn20="></latexit>



“grizzly bear”

Loss

Learned
Deep learning

✓1
<latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit>

✓2
<latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit>

✓3
<latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit>

✓4
<latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit>

✓5
<latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit>

✓6
<latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(x(i)),y(i))
<latexit sha1_base64="Q10CJJ1ondCg8EG7JnRaFON1ooM="></latexit><latexit sha1_base64="Q10CJJ1ondCg8EG7JnRaFON1ooM="></latexit><latexit sha1_base64="Q10CJJ1ondCg8EG7JnRaFON1ooM="></latexit><latexit sha1_base64="Q10CJJ1ondCg8EG7JnRaFON1ooM="></latexit>

L(f✓(x(2)),y(2))
<latexit sha1_base64="kK08X4M7J0HvBG0QNXBEy4hDiI0="></latexit><latexit sha1_base64="kK08X4M7J0HvBG0QNXBEy4hDiI0="></latexit><latexit sha1_base64="kK08X4M7J0HvBG0QNXBEy4hDiI0="></latexit><latexit sha1_base64="kK08X4M7J0HvBG0QNXBEy4hDiI0="></latexit>

y(2)
<latexit sha1_base64="TIy9sBt9Ra7ZsJrdP5Lup+ixD3k="></latexit><latexit sha1_base64="TIy9sBt9Ra7ZsJrdP5Lup+ixD3k="></latexit><latexit sha1_base64="TIy9sBt9Ra7ZsJrdP5Lup+ixD3k="></latexit><latexit sha1_base64="TIy9sBt9Ra7ZsJrdP5Lup+ixD3k="></latexit>

x(2)
<latexit sha1_base64="aB7FFJ1cKbqKGp0yEzLzsBX4dzo="></latexit><latexit sha1_base64="aB7FFJ1cKbqKGp0yEzLzsBX4dzo="></latexit><latexit sha1_base64="aB7FFJ1cKbqKGp0yEzLzsBX4dzo="></latexit><latexit sha1_base64="aB7FFJ1cKbqKGp0yEzLzsBX4dzo="></latexit>



“chameleon”

Loss

Learned
Deep learning

✓1
<latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit><latexit sha1_base64="jdlg7NGrnJcaH/VcD2JvBoOrWj0="></latexit>

✓2
<latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit><latexit sha1_base64="iVXCJZktr2Eln/pkk7Aj/62g948="></latexit>

✓3
<latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit><latexit sha1_base64="reWg5/K7U0PXdk1ubbo0pbdjPKk="></latexit>

✓4
<latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit><latexit sha1_base64="7Ngbm8oatoIEczf5bGzdlabUqio="></latexit>

✓5
<latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit><latexit sha1_base64="c+xP7yXt8IAUGttWNf57Pb7fO0I="></latexit>

✓6
<latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit><latexit sha1_base64="MwMtPAOwyA4XXwcUh1F3lF5KRWQ="></latexit>
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of the signal being processed. The inputs x are a “raw” representation of the signal whereas
later layers of neurons are transformed representations. Often, we will not worry about
distinguishing between inputs, hidden units, and outputs, and simply refer to the data in a
network, layer by layer, as a sequence [x1, . . . ,xL].

Parameters are the weights and biases mentioned above. These are the variables being
learned. Both data and parameters are tensors of variables.

Often we think of a layer as a function xl+1 = fl(xl), but we can also make the parameters
explicit and think of each layer as a function:

xl+1 = fl(xl, ✓l) (9.9)

That is, each layer takes the data from the previous layer, as well as parameters of the
current layer as input, and produces data of the next layer. Varying either the input data
or the input parameters will a↵ect the output of the layer. From this perspective, anything
we can do with parameters, we can do with data instead, and vice versa, and that is the
basis for a lot of applications and tricks. For example, while normally we learn the values
of the parameters, we could instead hold the parameters fixed and learn the values of the
data that achieve some objective. In fact this is what is done in applications such as style
transfer, adversarial attacks, and network visualization, which we will see in more detail in
later chapters.

9.1.2 Deep nets can perform nonlinear classification

Let’s return to our binary classification problem from above, but now make the two classes
not linearly separable: Here there is no line that can separate the zeros from the ones.
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Nonetheless, we will demonstrate a multilayer network that can solve this problem. The
trick is to just add more layers!

x2

x1

z2

z1

W1

h2

h1

W2

z3 y

Consider using the following settings for W1 and W2:

W1 =


1 �1
2 1

�
, W2 =

⇥
1 �1

⇤
(9.10)

The full net then performs the following operation:

z1 = �x1 + x2, z2 = x1 + 2x2 / linear (9.11)

h1 = max(z1, 0), h2 = max(z2, 0) / relu (9.12)

z3 = h1 � h2 / linear (9.13)

y = 1(z3 > 0) / threshold (9.14)
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{x(i)
batch,y

(i)
batch}Nbatch

i=1 , and the batch represented as a tensor has shape X 2 RNbatch⇥H⇥W⇥C

and Y 2 RNbatch⇥K .
The weights and biases of the net are also usually represented as tensors. The weights

and biases of a linear layer will be tensors of shape W` 2 RC`+1⇥C` and b` 2 RC`+1 .
As an example, we below visualize all the tensors associated a batch of 3 datapoints being

processed by the MLP in Fig. 9.1:

X

W1

Z1 H1

W2

Z2 Y

where the capital letters are the batches of datapoints and activations corresponding to
the lowercase names of datapoints and hidden units in Fig. 9.1.

Tensor processing with batch size = 3:
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z1
<latexit sha1_base64="zElJyC6c4QlJtweiNQWdZDmKeGc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwAOvI2i</latexit><latexit sha1_base64="dUT39Z0IDOQMVv+UAwU9xPonwt4=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQ0D0iWMDu5mwyZnV1mZoW45BMsbPwVGxFbWzv/xkmyhSYWHhg4nHMud+4JEsG1cd0vp7C0vLK6VlwvbWxube+Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTvzmPSrNY3lnRgn6Ee1LHnJGjZVuH7pet1xxq+4UZJF4OalAjv/Fu+XPTi9maYTSMEG1bntuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTe8bkyCo9EsbKPmnIVP05kdFI61EU2GREzUDPexPxL6+dmvDcz7hMUoOSzRaFqSAmJpNySI8rZEaMLKFMcftXwgZUUWZshSV7ujd/6CJpnFQ9t+rdnFZqF3lnRTiAQzgGD86gBldwDXVg0IdHeIZX58l5cd6c91m04OQz+/ALzsc3it2VGw==</latexit><latexit sha1_base64="dUT39Z0IDOQMVv+UAwU9xPonwt4=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQ0D0iWMDu5mwyZnV1mZoW45BMsbPwVGxFbWzv/xkmyhSYWHhg4nHMud+4JEsG1cd0vp7C0vLK6VlwvbWxube+Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTvzmPSrNY3lnRgn6Ee1LHnJGjZVuH7pet1xxq+4UZJF4OalAjv/Fu+XPTi9maYTSMEG1bntuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTe8bkyCo9EsbKPmnIVP05kdFI61EU2GREzUDPexPxL6+dmvDcz7hMUoOSzRaFqSAmJpNySI8rZEaMLKFMcftXwgZUUWZshSV7ujd/6CJpnFQ9t+rdnFZqF3lnRTiAQzgGD86gBldwDXVg0IdHeIZX58l5cd6c91m04OQz+/ALzsc3it2VGw==</latexit><latexit sha1_base64="dUT39Z0IDOQMVv+UAwU9xPonwt4=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQ0D0iWMDu5mwyZnV1mZoW45BMsbPwVGxFbWzv/xkmyhSYWHhg4nHMud+4JEsG1cd0vp7C0vLK6VlwvbWxube+Ud/caOk4VwzqLRaxaAdUouMS64UZgK1FIo0BgMxheTvzmPSrNY3lnRgn6Ee1LHnJGjZVuH7pet1xxq+4UZJF4OalAjv/Fu+XPTi9maYTSMEG1bntuYvyMKsOZwHGpk2pMKBvSPrYtlTRC7WfTe8bkyCo9EsbKPmnIVP05kdFI61EU2GREzUDPexPxL6+dmvDcz7hMUoOSzRaFqSAmJpNySI8rZEaMLKFMcftXwgZUUWZshSV7ujd/6CJpnFQ9t+rdnFZqF3lnRTiAQzgGD86gBldwDXVg0IdHeIZX58l5cd6c91m04OQz+/ALzsc3it2VGw==</latexit>

z2
<latexit sha1_base64="HVY4/VeJq8+YKzOMybwgdQk8wF4=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0IN/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gAQQI2j</latexit><latexit sha1_base64="ZulJxSKom1k7Hp79okAUyk7v1ZI=">AAACD3icjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXNA5IlzE7uJkNmZ5eZWSEu+QQLG3/FRsTW1s6/cZJsoYmFBwYO55zLnXuCRHBtXPfLWVpeWV1bL2wUN7e2d3ZLe/sNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQwvJ37zHpXmsbwzowT9iPYlDzmjxkq3D91qt1R2K+4UZJF4OSlDjv/Fu6XPTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8bk2Co9EsbKPmnIVP05kdFI61EU2GREzUDPexPxL6+dmvDcz7hMUoOSzRaFqSAmJpNySI8rZEaMLKFMcftXwgZUUWZshUV7ujd/6CJpVCueW/FuTsu1i7yzAhzCEZyAB2dQgyu4hjow6MMjPMOr8+S8OG/O+yy65OQzB/ALzsc3jIaVHA==</latexit><latexit sha1_base64="ZulJxSKom1k7Hp79okAUyk7v1ZI=">AAACD3icjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXNA5IlzE7uJkNmZ5eZWSEu+QQLG3/FRsTW1s6/cZJsoYmFBwYO55zLnXuCRHBtXPfLWVpeWV1bL2wUN7e2d3ZLe/sNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQwvJ37zHpXmsbwzowT9iPYlDzmjxkq3D91qt1R2K+4UZJF4OSlDjv/Fu6XPTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8bk2Co9EsbKPmnIVP05kdFI61EU2GREzUDPexPxL6+dmvDcz7hMUoOSzRaFqSAmJpNySI8rZEaMLKFMcftXwgZUUWZshUV7ujd/6CJpVCueW/FuTsu1i7yzAhzCEZyAB2dQgyu4hjow6MMjPMOr8+S8OG/O+yy65OQzB/ALzsc3jIaVHA==</latexit><latexit sha1_base64="ZulJxSKom1k7Hp79okAUyk7v1ZI=">AAACD3icjVC7SgNBFL3rM8ZX1NJmMAhWYTcIWgZtLBXNA5IlzE7uJkNmZ5eZWSEu+QQLG3/FRsTW1s6/cZJsoYmFBwYO55zLnXuCRHBtXPfLWVpeWV1bL2wUN7e2d3ZLe/sNHaeKYZ3FIlatgGoUXGLdcCOwlSikUSCwGQwvJ37zHpXmsbwzowT9iPYlDzmjxkq3D91qt1R2K+4UZJF4OSlDjv/Fu6XPTi9maYTSMEG1bntuYvyMKsOZwHGxk2pMKBvSPrYtlTRC7WfTe8bk2Co9EsbKPmnIVP05kdFI61EU2GREzUDPexPxL6+dmvDcz7hMUoOSzRaFqSAmJpNySI8rZEaMLKFMcftXwgZUUWZshUV7ujd/6CJpVCueW/FuTsu1i7yzAhzCEZyAB2dQgyu4hjow6MMjPMOr8+S8OG/O+yy65OQzB/ALzsc3jIaVHA==</latexit>

h1
<latexit sha1_base64="45Ml8x6aCfejCo7Bn14nCOm4+2A=">AAAB6nicbVBNS8NAEJ3Ur1q/oh69LBbBU0lE0GPRi8eK9gPaUDbbTbt0swm7E6GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvTKUw6HnfTmltfWNzq7xd2dnd2z9wD49aJsk0402WyER3Qmq4FIo3UaDknVRzGoeSt8Px7cxvP3FtRKIecZLyIKZDJSLBKFrpYdT3+27Vq3lzkFXiF6QKBRp996s3SFgWc4VMUmO6vpdikFONgkk+rfQyw1PKxnTIu5YqGnMT5PNTp+TMKgMSJdqWQjJXf0/kNDZmEoe2M6Y4MsveTPzP62YYXQe5UGmGXLHFoiiTBBMy+5sMhOYM5cQSyrSwtxI2opoytOlUbAj+8surpHVR872af39Zrd8UcZThBE7hHHy4gjrcQQOawGAIz/AKb450Xpx352PRWnKKmWP4A+fzB/NBjZA=</latexit><latexit sha1_base64="67adkxhMUOTxPdwEfDS03n4hNTQ=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdDXter1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJpnlU9t+rdnlfql3lnRTiCYzgFD2pQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbbNeVCQ==</latexit><latexit sha1_base64="67adkxhMUOTxPdwEfDS03n4hNTQ=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdDXter1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJpnlU9t+rdnlfql3lnRTiCYzgFD2pQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbbNeVCQ==</latexit><latexit sha1_base64="67adkxhMUOTxPdwEfDS03n4hNTQ=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrsixDJoY6loHpAsYXZyNxkyO7vMzAphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJIJr47pfTmFldW19o7hZ2tre2d0r7x80dZwqhg0Wi1i1A6pRcIkNw43AdqKQRoHAVjC6mvqtB1Sax/LejBP0IzqQPOSMGivdDXter1xxq+4MZJl4OalAjv/Fe+XPbj9maYTSMEG17nhuYvyMKsOZwEmpm2pMKBvRAXYslTRC7WezeybkxCp9EsbKPmnITP05kdFI63EU2GREzVAvelPxL6+TmvDCz7hMUoOSzReFqSAmJtNySJ8rZEaMLaFMcftXwoZUUWZshSV7urd46DJpnlU9t+rdnlfql3lnRTiCYzgFD2pQh2u4gQYwGMAjPMOr8+S8OG/O+zxacPKZQ/gF5+MbbNeVCQ==</latexit>

h2
<latexit sha1_base64="ExEHew5ijAySOISVJzNT70Xex1o=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI9FLx4r2g9oQ9lsJ+3SzSbsboQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJaPZpqgH9GR5CFn1FjpYTyoDcoVt+ouQNaJl5MK5GgOyl/9YczSCKVhgmrd89zE+BlVhjOBs1I/1ZhQNqEj7FkqaYTazxanzsiFVYYkjJUtachC/T2R0UjraRTYzoiasV715uJ/Xi814bWfcZmkBiVbLgpTQUxM5n+TIVfIjJhaQpni9lbCxlRRZmw6JRuCt/ryOmnXqp5b9e6vKo2bPI4inME5XIIHdWjAHTShBQxG8Ayv8OYI58V5dz6WrQUnnzmFP3A+fwD0xY2R</latexit><latexit sha1_base64="+s7qkpErM3Uqx9lq2Gy14eJhfYM=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXYymwyZnV1m7gphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJFIYdN0vp7Cyura+UdwsbW3v7O6V9w+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR1dRvPXBtRKzucZxwP6IDJULBKFrpbtir9coVt+rOQJaJl5MK5PhfvFf+7PZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7J4JObFKn4Sxtk8hmak/JzIaGTOOApuMKA7NojcV//I6KYYXfiZUkiJXbL4oTCXBmEzLIX2hOUM5toQyLexfCRtSTRnaCkv2dG/x0GXSrFU9t+rdnlXql3lnRTiCYzgFD86hDtdwAw1gMIBHeIZX58l5cd6c93m04OQzh/ALzsc3boCVCg==</latexit><latexit sha1_base64="+s7qkpErM3Uqx9lq2Gy14eJhfYM=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXYymwyZnV1m7gphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJFIYdN0vp7Cyura+UdwsbW3v7O6V9w+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR1dRvPXBtRKzucZxwP6IDJULBKFrpbtir9coVt+rOQJaJl5MK5PhfvFf+7PZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7J4JObFKn4Sxtk8hmak/JzIaGTOOApuMKA7NojcV//I6KYYXfiZUkiJXbL4oTCXBmEzLIX2hOUM5toQyLexfCRtSTRnaCkv2dG/x0GXSrFU9t+rdnlXql3lnRTiCYzgFD86hDtdwAw1gMIBHeIZX58l5cd6c93m04OQzh/ALzsc3boCVCg==</latexit><latexit sha1_base64="+s7qkpErM3Uqx9lq2Gy14eJhfYM=">AAACD3icjVC7SgNBFL0bXzG+opY2g0GwCrtB0DJoY6loHpAsYXYymwyZnV1m7gphySdY2PgrNiK2tnb+jZNkC00sPDBwOOdc7twTJFIYdN0vp7Cyura+UdwsbW3v7O6V9w+aJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR1dRvPXBtRKzucZxwP6IDJULBKFrpbtir9coVt+rOQJaJl5MK5PhfvFf+7PZjlkZcIZPUmI7nJuhnVKNgkk9K3dTwhLIRHfCOpYpG3PjZ7J4JObFKn4Sxtk8hmak/JzIaGTOOApuMKA7NojcV//I6KYYXfiZUkiJXbL4oTCXBmEzLIX2hOUM5toQyLexfCRtSTRnaCkv2dG/x0GXSrFU9t+rdnlXql3lnRTiCYzgFD86hDtdwAw1gMIBHeIZX58l5cd6c93m04OQzh/ALzsc3boCVCg==</latexit>

z3
<latexit sha1_base64="kc/f8yXw+XvQaIR5ws2ZO7JgLF0=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lU0GPRi8eK9gPaUDbbTbt0swm7E6GG/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSKQw6LrfTmFldW19o7hZ2tre2d0r7x80TZxqxhsslrFuB9RwKRRvoEDJ24nmNAokbwWjm6nfeuTaiFg94DjhfkQHSoSCUbTS/VPvvFeuuFV3BrJMvJxUIEe9V/7q9mOWRlwhk9SYjucm6GdUo2CST0rd1PCEshEd8I6likbc+Nns1Ak5sUqfhLG2pZDM1N8TGY2MGUeB7YwoDs2iNxX/8zophld+JlSSIldsvihMJcGYTP8mfaE5Qzm2hDIt7K2EDammDG06JRuCt/jyMmmeVT236t1dVGrXeRxFOIJjOAUPLqEGt1CHBjAYwDO8wpsjnRfn3fmYtxacfOYQ/sD5/AERxI2k</latexit><latexit sha1_base64="qDHazrjUBqVVBvPzrlB+OIz5DxM=">AAACD3icjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lormAckSZid3kyGzs8vMrBCXfIKFjb9iI2Jra+ffOEm20MTCAwOHc87lzj1BIrg2rvvlLCwuLa+sFtaK6xubW9ulnd26jlPFsMZiEatmQDUKLrFmuBHYTBTSKBDYCAaXY79xj0rzWN6ZYYJ+RHuSh5xRY6Xbh85Jp1R2K+4EZJ54OSlDjv/FO6XPdjdmaYTSMEG1bnluYvyMKsOZwFGxnWpMKBvQHrYslTRC7WeTe0bk0CpdEsbKPmnIRP05kdFI62EU2GRETV/PemPxL6+VmvDcz7hMUoOSTReFqSAmJuNySJcrZEYMLaFMcftXwvpUUWZshUV7ujd76DypH1c8t+LdnJarF3lnBdiHAzgCD86gCldwDTVg0INHeIZX58l5cd6c92l0wcln9uAXnI9vji+VHQ==</latexit><latexit sha1_base64="qDHazrjUBqVVBvPzrlB+OIz5DxM=">AAACD3icjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lormAckSZid3kyGzs8vMrBCXfIKFjb9iI2Jra+ffOEm20MTCAwOHc87lzj1BIrg2rvvlLCwuLa+sFtaK6xubW9ulnd26jlPFsMZiEatmQDUKLrFmuBHYTBTSKBDYCAaXY79xj0rzWN6ZYYJ+RHuSh5xRY6Xbh85Jp1R2K+4EZJ54OSlDjv/FO6XPdjdmaYTSMEG1bnluYvyMKsOZwFGxnWpMKBvQHrYslTRC7WeTe0bk0CpdEsbKPmnIRP05kdFI62EU2GRETV/PemPxL6+VmvDcz7hMUoOSTReFqSAmJuNySJcrZEYMLaFMcftXwvpUUWZshUV7ujd76DypH1c8t+LdnJarF3lnBdiHAzgCD86gCldwDTVg0INHeIZX58l5cd6c92l0wcln9uAXnI9vji+VHQ==</latexit><latexit sha1_base64="qDHazrjUBqVVBvPzrlB+OIz5DxM=">AAACD3icjVC7SgNBFL3rM8ZX1NJmMAhWYVcFLYM2lormAckSZid3kyGzs8vMrBCXfIKFjb9iI2Jra+ffOEm20MTCAwOHc87lzj1BIrg2rvvlLCwuLa+sFtaK6xubW9ulnd26jlPFsMZiEatmQDUKLrFmuBHYTBTSKBDYCAaXY79xj0rzWN6ZYYJ+RHuSh5xRY6Xbh85Jp1R2K+4EZJ54OSlDjv/FO6XPdjdmaYTSMEG1bnluYvyMKsOZwFGxnWpMKBvQHrYslTRC7WeTe0bk0CpdEsbKPmnIRP05kdFI62EU2GRETV/PemPxL6+VmvDcz7hMUoOSTReFqSAmJuNySJcrZEYMLaFMcftXwvpUUWZshUV7ujd76DypH1c8t+LdnJarF3lnBdiHAzgCD86gCldwDTVg0INHeIZX58l5cd6c92l0wcln9uAXnI9vji+VHQ==</latexit>

y
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9.1. DEEP NETS 3

More commonly we might have many hidden units in stack, which we call a hidden
layer:

How many layers does
this net have? Some texts
will say two [W1, W2],
others three [x, {z,h}, y],
others four [x, h, z, y].
We must get comfortable
with the ambiguity.

x

...

W1

z

...

h

...

W2

y

...

The equation for this neural net is:

z = W1x+ b1 (9.5)

h = g(z) (9.6)

y = W2h+ b2 (9.7)

The activation g could be the threshold function like in Eqn. 9.2, but more generally it
can be any pointwise nonlinearity, that is, g(h) = [g̃(h1), . . . , g̃0(hN )] and g̃ is any nonlinear
function mapping R ! R.

This kind of sequence – linear layer, pointwise nonlinearity, linear layer, pointwise non-
linearity, and so on – is the prototpyical motif in deep neural networks.

9.1 Deep nets

Deep nets are neural nets that stack the above motif many times:
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Each layer is a function. Therefore, a deep net is a composition of many functions:

f(x) = fL(fL�1(. . . f2(f1(x)))) (9.8)

These functions are parameterized by weights [W1, . . . ,WL] and biases [b1, . . . ,bL]. Some
layers we will see later have other parameters. Collectively, we will refer to the concatenation
of all the parameters in a deep net as ✓.

Deep nets are powerful because they can perform nonlinear mappings. In fact, a deep
net with su�ciently many neurons can fit almost any desired function arbitrarily closely.
The universal approximation theorem [Cybenko1989] states that this is true even for
a network with just a single hidden layer. The caveat is that the number of neurons in
the hidden layers will have to be very large in order to fit complicated functions. Also,
technically, this theorem only holds for continuous functions on compact subsets of RN – for
example a neural net cannot fit non-computable functions.

9.1.1 Data vs parameters

When working with deep nets it’s useful to distinguish data and parameters. The “data”
are the values that the nodes take on, [x, z1,h1, . . . , zL�1,hL�1,y]. It may seem strange at
first to call all these variables data, but the idea is that all these values are representations

z3 = W2h+ b2
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y = 1(z3 > 0)
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Everything is a tensor



Regularizing deep nets

Deep nets have millions of parameters!

On many datasets, it is easy to overfit — we may have more free 
parameters than data points to constrain them.

How can we prevent the network from overfitting? 
1. Fewer neurons, fewer layers 
2. Weight decay and other regularizers 
3. Normalization layers 
4. …



Recall: regularized least squares

f✓(x) =
KX

k=0

✓kx
k
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Only use polynomial terms if you really need 
them! Most terms should be zero

ridge regression, a.k.a., Tikhonov regularization

R(✓) = � k✓k22
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Regularizing the weights in a neural net

weight decayR(W) = � kWk22
<latexit sha1_base64="ZwPitcGx2z9inMXGBV7O0GcAQFU="></latexit><latexit sha1_base64="ZwPitcGx2z9inMXGBV7O0GcAQFU="></latexit><latexit sha1_base64="ZwPitcGx2z9inMXGBV7O0GcAQFU="></latexit><latexit sha1_base64="ZwPitcGx2z9inMXGBV7O0GcAQFU="></latexit>

“We prefer to keep weights small.”

✓⇤ = argmin
✓
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L(f✓(x(i)),y(i)) +R(✓)
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Normalization layers

ReLUNormz
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Keep track of mean and variance of a unit (or a population of units) over time.

Standardize unit activations by subtracting mean and dividing by variance.

Squashes units into a standard range, avoiding overflow.

Normalization layers

Also achieves invariance to mean and variance of the training signal.

Both these properties reduce the effective capacity of the model, i.e. 
regularize the model.
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Deep nets are data transformers

• Deep nets transform datapoints, layer by layer 

• Each layer is a different representation of the data 

• We call these representations embeddings



Two different ways to represent a function

Chapter 10

Deep nets as data transformers

In the last chapter, we saw that deep nets are stacks of simple functions, which compose to
achieve interesting mappings from inputs to outputs. This chapter will introduce a slightly
di↵erent way of thinking about deep nets. The idea is think of each layer as a geometric
transformation of a data distribution.

10.1 Representations in deep nets

Each layer in a deep net is a mapping from one representation of the data to another:
f : xin ! xout. If xin and xout are both 1-dimensional, then we can plot the mapping as a
function with xin on the x-axis and xout on the y-axis:

0.5 1

0.5

1

xin

xout

In this chapter, we will instead consider a di↵erent way of plotting the mapping, where
we simply rotate the y-axis to be horizontal rather than vertical:
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0 0.5 1
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0 0.5 1
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The depiction to the right makes it obvious that the plot xout = xin is the identity
mapping: datapoints get mapped to unchanged positions. Here are a few more mappings
plotted in this way:
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10 CHAPTER 10. DEEP NETS AS DATA TRANSFORMERS

�1 �0.5 0 0.5 1
xin

xout = 2xin

�1 �0.5 0 0.5 1

xout

�1 �0.5 0 0.5 1
xin

xout = xin+1
2

�1 �0.5 0 0.5 1

xout

�1 �0.5 0 0.5 1
xin

xout = relu(xin)

�1 �0.5 0 0.5 1

xout

�5 �2.5 0 2.5 5
xin

xout = sigmoid(xin)

�1 �0.5 0 0.5 1

xout

Each of the above are layers that could be found in a deep net. Linear layers, like those
in the top row above, stretch and squash the data distribution. The relu nonlinearity maps
all negative data to 0, and applies an identity map to all non-negative data. The sigmoid
function pulls negative data to 0 and positive data to 1.

In this way, an incoming data distribution can be reshaped layer by layer into a desired
configuration. The goal a binary classifier, for example, is to move the datapoints around
until all the class 0 points end up moved to 0 on the output layer and all the class 1 end up
moved to 1.

A deep net stacks these operations, like so:

�1 �0.5 0 0.5 1

x(0)

x(1) = 2 ⇤ x(0)

�1 �0.5 0 0.5 1
x(2)

x(2) = relu(x(1))

Data transformations for a variety of neural net layers
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W
<latexit sha1_base64="NWPzXZu3ufcSy9mR5LNGNsjorOI="></latexit><latexit sha1_base64="NWPzXZu3ufcSy9mR5LNGNsjorOI="></latexit><latexit sha1_base64="NWPzXZu3ufcSy9mR5LNGNsjorOI="></latexit><latexit sha1_base64="NWPzXZu3ufcSy9mR5LNGNsjorOI="></latexit>

b
<latexit sha1_base64="avpvRdFHWa54BQ0fB9LZtN5dZ4w="></latexit><latexit sha1_base64="avpvRdFHWa54BQ0fB9LZtN5dZ4w="></latexit><latexit sha1_base64="avpvRdFHWa54BQ0fB9LZtN5dZ4w="></latexit><latexit sha1_base64="avpvRdFHWa54BQ0fB9LZtN5dZ4w="></latexit>

re
lu

<latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit>

xout
<latexit sha1_base64="eES+Vi0sww7AnQN0PS8y6igtbzs="></latexit><latexit sha1_base64="eES+Vi0sww7AnQN0PS8y6igtbzs="></latexit><latexit sha1_base64="eES+Vi0sww7AnQN0PS8y6igtbzs="></latexit><latexit sha1_base64="eES+Vi0sww7AnQN0PS8y6igtbzs="></latexit>

xin
<latexit sha1_base64="9K3Ew7dD+gQeAR+TZQGbd0zJLLQ="></latexit><latexit sha1_base64="9K3Ew7dD+gQeAR+TZQGbd0zJLLQ="></latexit><latexit sha1_base64="9K3Ew7dD+gQeAR+TZQGbd0zJLLQ="></latexit><latexit sha1_base64="9K3Ew7dD+gQeAR+TZQGbd0zJLLQ="></latexit>

Equation

xout = Wxin + b
<latexit sha1_base64="NbDqvRkUnP4cpXtPbsjt+y6wrW8="></latexit><latexit sha1_base64="NbDqvRkUnP4cpXtPbsjt+y6wrW8="></latexit><latexit sha1_base64="NbDqvRkUnP4cpXtPbsjt+y6wrW8="></latexit><latexit sha1_base64="NbDqvRkUnP4cpXtPbsjt+y6wrW8="></latexit>

xouti = max(xini , 0)
<latexit sha1_base64="0udNM1zYqWWcyO1rqS1M+xpVIlo="></latexit><latexit sha1_base64="0udNM1zYqWWcyO1rqS1M+xpVIlo="></latexit><latexit sha1_base64="0udNM1zYqWWcyO1rqS1M+xpVIlo="></latexit><latexit sha1_base64="0udNM1zYqWWcyO1rqS1M+xpVIlo="></latexit>

Mapping 1D

0
<latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit><latexit sha1_base64="6ZTwbptvK00HUiMuNssEoeJJPkc=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1Fip6Q7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AeRmMtA==</latexit>

+
<latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit><latexit sha1_base64="aWOcHJrcbrsxJSLO3n80z068CGE=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBEEoigh6LXjy2YD+gDWWznbRrN5uwuxFK6C/w4kERr/4kb/4bt20O2vpg4PHeDDPzgkRwbVz32ymsrW9sbhW3Szu7e/sH5cOjlo5TxbDJYhGrTkA1Ci6xabgR2EkU0igQ2A7GdzO//YRK81g+mEmCfkSHkoecUWOlxkW/XHGr7hxklXg5qUCOer/81RvELI1QGiao1l3PTYyfUWU4Ezgt9VKNCWVjOsSupZJGqP1sfuiUnFllQMJY2ZKGzNXfExmNtJ5Ege2MqBnpZW8m/ud1UxPe+BmXSWpQssWiMBXExGT2NRlwhcyIiSWUKW5vJWxEFWXGZlOyIXjLL6+S1mXVc6te46pSu83jKMIJnMI5eHANNbiHOjSBAcIzvMKb8+i8OO/Ox6K14OQzx/AHzucPcYWMrw==</latexit>

�<latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit><latexit sha1_base64="+uZfP8wbVItquFB0wCTrW6fkLq8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBiyURQY9FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RTW1jc2t4rbpZ3dvf2D8uFRS8epYthksYhVJ6AaBZfYNNwI7CQKaRQIbAfju5nffkKleSwfzCRBP6JDyUPOqLFS46JfrrhVdw6ySrycVCBHvV/+6g1ilkYoDRNU667nJsbPqDKcCZyWeqnGhLIxHWLXUkkj1H42P3RKzqwyIGGsbElD5urviYxGWk+iwHZG1Iz0sjcT//O6qQlv/IzLJDUo2WJRmApiYjL7mgy4QmbExBLKFLe3EjaiijJjsynZELzll1dJ67LquVWvcVWp3eZxFOEETuEcPLiGGtxDHZrAAOEZXuHNeXRenHfnY9FacPKZY/gD5/MHdI2MsQ==</latexit>

xout
<latexit sha1_base64="eES+Vi0sww7AnQN0PS8y6igtbzs="></latexit><latexit sha1_base64="eES+Vi0sww7AnQN0PS8y6igtbzs="></latexit><latexit sha1_base64="eES+Vi0sww7AnQN0PS8y6igtbzs="></latexit><latexit sha1_base64="eES+Vi0sww7AnQN0PS8y6igtbzs="></latexit>

xin
<latexit sha1_base64="9K3Ew7dD+gQeAR+TZQGbd0zJLLQ="></latexit><latexit sha1_base64="9K3Ew7dD+gQeAR+TZQGbd0zJLLQ="></latexit><latexit sha1_base64="9K3Ew7dD+gQeAR+TZQGbd0zJLLQ="></latexit><latexit sha1_base64="9K3Ew7dD+gQeAR+TZQGbd0zJLLQ="></latexit>

0
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from layer to layer in a deep net. We can also use this plotting style to show how a di↵erent
distribution of incoming datapoints gets transformed. This is the setting in which deep nets
actually operate, and sometimes the real action of the network looks very di↵erent when
viewed this way. We can think of a deep net as transforming an input data distribution,
pdata, into an output data distribution, pout. In fact, each layer of activations in a network
is a di↵erent representation of the data, and we can consider the distribution of activations
on some layer ` to be p`. Then, layer by layer, a deep net transforms pdata into p1 into p2,
and so on until finally transforming the data to the distribution pout.

A nice property of the above way of plotting is that it also extends to visualizing 2D-to-2D
mappings (something that conventional x-axis/y-axis plotting is not well equipped to do).
Real deep nets perform ND-to-ND mappings, but already 2D-to-2D visualizations can give
a lot of insight into the general case.

Here is a linear layer f : R2 ! R2:

9.4.1 Binary classifier example

Consider an MLP that performs binary classification formulated as 2-way softmax regression.
The input datapoints are each in R2 and the target outputs are in M2 (the 2D simplex), Recall that the ND

simplex, MN , is the set
of all ND vectors whose
elements sum to 1.
Because the output of a
softmax is normalized to
sum to 1, the output of
the softmax is in MN . ND
one-hot codes live on the
verticex of MN .

and
there is one 2D hidden layer (with pre- and post-activations). This network can be drawn
as follows:

x2

x1

z11

z12

W1

h11

h12

W2

z21

z22

y1

y2

Or expressed in math as:

z1 = W1x + b1 / linear (9.25)

h1 = relu(z1) / relu (9.26)

z2 = W2h1 + b2 / linear (9.27)

y = softmax(z2) / softmax (9.28)

Or in Pytorch-like pseudocode as:
Now we wish to train this net to classify between two Gaussian clouds of data, the red

cloud and the blue cloud here:
We can visualize how the net transforms the training dataset, layer by layer, at three

checkpoints over the course of training: A checkpoint is a record
of the parameters at some
iteration of training, i.e.
if iterates of the
parameter vector are
✓
0
, ✓

1
, . . . , ✓T , while

training for T steps of
learning, then any ✓

k can
be recorded as a
checkpoint.

logits
class 
probabilites

relu softmax

zx
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h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="9NqLUOjdUW9XvsePlqZZHHPqcuU=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbTnqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc31lCYhQ==</latexit><latexit sha1_base64="9NqLUOjdUW9XvsePlqZZHHPqcuU=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbTnqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc31lCYhQ==</latexit><latexit sha1_base64="9NqLUOjdUW9XvsePlqZZHHPqcuU=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbTnqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc31lCYhQ==</latexit>

z1
<latexit sha1_base64="f6U6IoA1frszOw7vQfaNvW8RnLQ=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVBDf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ay1ukcI=</latexit><latexit sha1_base64="FifGq+TUwzy0s9yNghRedxZVl4U=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L0IN/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLzetWaW3dnIMvEK0gNCvxvvFeddvsxSyOukElqTMdzE/QzqlEwySeVbmp4QtmIDnjHUkUjbvxsFmxCTqzSJ2Gs7VNIZurPjYxGxoyjwE7mQcyil4t/eZ0Uw0s/EypJkSs2PxSmkmBM8pZIX2jOUI4toUwL+1fChlRThrbLio3uLQZdJq2zuufWvbvzWuOq6KwMR3AMp+DBBTTgBm6hCQwSeIZXeHdenDfnw/mcj5acYucQfsGZfgM2iZk7</latexit><latexit sha1_base64="FifGq+TUwzy0s9yNghRedxZVl4U=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L0IN/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLzetWaW3dnIMvEK0gNCvxvvFeddvsxSyOukElqTMdzE/QzqlEwySeVbmp4QtmIDnjHUkUjbvxsFmxCTqzSJ2Gs7VNIZurPjYxGxoyjwE7mQcyil4t/eZ0Uw0s/EypJkSs2PxSmkmBM8pZIX2jOUI4toUwL+1fChlRThrbLio3uLQZdJq2zuufWvbvzWuOq6KwMR3AMp+DBBTTgBm6hCQwSeIZXeHdenDfnw/mcj5acYucQfsGZfgM2iZk7</latexit><latexit sha1_base64="FifGq+TUwzy0s9yNghRedxZVl4U=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L0IN/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLzetWaW3dnIMvEK0gNCvxvvFeddvsxSyOukElqTMdzE/QzqlEwySeVbmp4QtmIDnjHUkUjbvxsFmxCTqzSJ2Gs7VNIZurPjYxGxoyjwE7mQcyil4t/eZ0Uw0s/EypJkSs2PxSmkmBM8pZIX2jOUI4toUwL+1fChlRThrbLio3uLQZdJq2zuufWvbvzWuOq6KwMR3AMp+DBBTTgBm6hCQwSeIZXeHdenDfnw/mcj5acYucQfsGZfgM2iZk7</latexit>

z2
<latexit sha1_base64="Tl1a1wOD8ilQziyIqh4CozZwO5Y=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmItTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5Ay7ykcM=</latexit><latexit sha1_base64="EfbUNtgBoCN3oNjUJLl1eVAMHEQ=">AAACGHicjVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4V7AM6Q8mkmTY0kwxJRqhDf8OFG3/FjYjb7vwbM+0stHXhgcDhnHu5OSdMONPGdb+c0tr6xuZWebuys7u3f1A9PGprmSpCW0Ryqboh1pQzQVuGGU67iaI4DjnthOOb3O88UqWZFA9mktAgxkPBIkawsZLvx9iMwih7mvYb/WrNrbtzoFXiFaQGBf433q/O/IEkaUyFIRxr3fPcxAQZVoYRTqcVP9U0wWSMh7RnqcAx1UE2DzZFZ1YZoEgq+4RBc/XnRoZjrSdxaCfzIHrZy8W/vF5qoqsgYyJJDRVkcShKOTIS5S2hAVOUGD6xBBPF7F8RGWGFibFdVmx0bznoKmk36p5b9+4vas3rorMynMApnIMHl9CEW7iDFhBI4Ble4d15cd6cD+dzMVpyip1j+AVn9g04Mpk8</latexit><latexit sha1_base64="EfbUNtgBoCN3oNjUJLl1eVAMHEQ=">AAACGHicjVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4V7AM6Q8mkmTY0kwxJRqhDf8OFG3/FjYjb7vwbM+0stHXhgcDhnHu5OSdMONPGdb+c0tr6xuZWebuys7u3f1A9PGprmSpCW0Ryqboh1pQzQVuGGU67iaI4DjnthOOb3O88UqWZFA9mktAgxkPBIkawsZLvx9iMwih7mvYb/WrNrbtzoFXiFaQGBf433q/O/IEkaUyFIRxr3fPcxAQZVoYRTqcVP9U0wWSMh7RnqcAx1UE2DzZFZ1YZoEgq+4RBc/XnRoZjrSdxaCfzIHrZy8W/vF5qoqsgYyJJDRVkcShKOTIS5S2hAVOUGD6xBBPF7F8RGWGFibFdVmx0bznoKmk36p5b9+4vas3rorMynMApnIMHl9CEW7iDFhBI4Ble4d15cd6cD+dzMVpyip1j+AVn9g04Mpk8</latexit><latexit sha1_base64="EfbUNtgBoCN3oNjUJLl1eVAMHEQ=">AAACGHicjVDLSgMxFL1TX7W+qi7dBIvgqswUQZdFNy4V7AM6Q8mkmTY0kwxJRqhDf8OFG3/FjYjb7vwbM+0stHXhgcDhnHu5OSdMONPGdb+c0tr6xuZWebuys7u3f1A9PGprmSpCW0Ryqboh1pQzQVuGGU67iaI4DjnthOOb3O88UqWZFA9mktAgxkPBIkawsZLvx9iMwih7mvYb/WrNrbtzoFXiFaQGBf433q/O/IEkaUyFIRxr3fPcxAQZVoYRTqcVP9U0wWSMh7RnqcAx1UE2DzZFZ1YZoEgq+4RBc/XnRoZjrSdxaCfzIHrZy8W/vF5qoqsgYyJJDRVkcShKOTIS5S2hAVOUGD6xBBPF7F8RGWGFibFdVmx0bznoKmk36p5b9+4vas3rorMynMApnIMHl9CEW7iDFhBI4Ble4d15cd6cD+dzMVpyip1j+AVn9g04Mpk8</latexit>

x
<latexit sha1_base64="P/78WoKPqTPMAmrnJ7K8sbyWLsQ=">AAAB8XicbVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48VbCu2oWy2m3bpZhN2X8QS+i+8eFDEq//Gm//GTZuDtg4sDDPvsfMmSKQw6LrfTmlldW19o7xZ2dre2d2r7h+0TZxqxlsslrG+D6jhUijeQoGS3yea0yiQvBOMr3O/88i1EbG6w0nC/YgOlQgFo2ilh15EcRSE2dO0X625dXcGsky8gtSgQLNf/eoNYpZGXCGT1Jiu5yboZ1SjYJJPK73U8ISyMR3yrqWKRtz42SzxlJxYZUDCWNunkMzU3xsZjYyZRIGdzBOaRS8X//O6KYaXfiZUkiJXbP5RmEqCMcnPJwOhOUM5sYQyLWxWwkZUU4a2pIotwVs8eZm0z+qeW/duz2uNq6KOMhzBMZyCBxfQgBtoQgsYKHiGV3hzjPPivDsf89GSU+wcwh84nz/9OZEc</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit><latexit sha1_base64="tzs9AXFSRySi39T27O1IL8rVYnw=">AAACFnicjVC7SgNBFL0bXzG+opY2g0GwCrsiaBm0sVQwD0xCmJ3cTYbMzi4zs2JY8hcWNv6KjYit2Pk3ziZbaGLhgYHDOfdy5xw/Flwb1/1yCkvLK6trxfXSxubW9k55d6+ho0QxrLNIRKrlU42CS6wbbgS2YoU09AU2/dFl5jfvUWkeyVszjrEb0oHkAWfUWOmuE1Iz9IP0YdIrV9yqOwVZJF5OKpDjf+O98menH7EkRGmYoFq3PTc23ZQqw5nASamTaIwpG9EBti2VNETdTaexJuTIKn0SRMo+achU/bmR0lDrcejbySyGnvcy8S+vnZjgvJtyGScGJZsdChJBTESyjkifK2RGjC2hTHH7V8KGVFFmbJMlG92bD7pIGidVz616N6eV2kXeWREO4BCOwYMzqMEVXEMdGEh4hGd4dZ6cF+fNeZ+NFpx8Zx9+wfn4BvDwmJU=</latexit>

Training data

h
<latexit sha1_base64="1sz/CMsMnlOLut5+1WJNe1CJzzs=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp4NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfk6ZEM</latexit><latexit sha1_base64="9NqLUOjdUW9XvsePlqZZHHPqcuU=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbTnqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc31lCYhQ==</latexit><latexit sha1_base64="9NqLUOjdUW9XvsePlqZZHHPqcuU=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbTnqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc31lCYhQ==</latexit><latexit sha1_base64="9NqLUOjdUW9XvsePlqZZHHPqcuU=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbTnqVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc31lCYhQ==</latexit>

y
<latexit sha1_base64="w2SeowxjSmKQZ+WPP4dmP+ztLQA=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhNp0NqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wf+vpEd</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit><latexit sha1_base64="02ggfyILRRLkqGm5VO3XB99zGJA=">AAACFnicjVC7SgNBFL3rM8ZX1NJmMAhWYVcELYM2lgrmgckSZid3kyGzs8vMrBCW/IWFjb9iI2Irdv6Ns8kWmlh4YOBwzr3cOSdIBNfGdb+cpeWV1bX10kZ5c2t7Z7eyt9/UcaoYNlgsYtUOqEbBJTYMNwLbiUIaBQJbwegq91sPqDSP5Z0ZJ+hHdCB5yBk1VrrvRtQMgzAbT3qVqltzpyCLxCtIFQr8b7xX+ez2Y5ZGKA0TVOuO5ybGz6gynAmclLupxoSyER1gx1JJI9R+No01IcdW6ZMwVvZJQ6bqz42MRlqPo8BO5jH0vJeLf3md1IQXfsZlkhqUbHYoTAUxMck7In2ukBkxtoQyxe1fCRtSRZmxTZZtdG8+6CJpntY8t+bdnlXrl0VnJTiEIzgBD86hDtdwAw1gIOERnuHVeXJenDfnfTa65BQ7B/ALzsc38pqYlg==</latexit>

z1
<latexit sha1_base64="f6U6IoA1frszOw7vQfaNvW8RnLQ=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVBDf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G3qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ay1ukcI=</latexit><latexit sha1_base64="FifGq+TUwzy0s9yNghRedxZVl4U=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L0IN/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLzetWaW3dnIMvEK0gNCvxvvFeddvsxSyOukElqTMdzE/QzqlEwySeVbmp4QtmIDnjHUkUjbvxsFmxCTqzSJ2Gs7VNIZurPjYxGxoyjwE7mQcyil4t/eZ0Uw0s/EypJkSs2PxSmkmBM8pZIX2jOUI4toUwL+1fChlRThrbLio3uLQZdJq2zuufWvbvzWuOq6KwMR3AMp+DBBTTgBm6hCQwSeIZXeHdenDfnw/mcj5acYucQfsGZfgM2iZk7</latexit><latexit sha1_base64="FifGq+TUwzy0s9yNghRedxZVl4U=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L0IN/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLzetWaW3dnIMvEK0gNCvxvvFeddvsxSyOukElqTMdzE/QzqlEwySeVbmp4QtmIDnjHUkUjbvxsFmxCTqzSJ2Gs7VNIZurPjYxGxoyjwE7mQcyil4t/eZ0Uw0s/EypJkSs2PxSmkmBM8pZIX2jOUI4toUwL+1fChlRThrbLio3uLQZdJq2zuufWvbvzWuOq6KwMR3AMp+DBBTTgBm6hCQwSeIZXeHdenDfnw/mcj5acYucQfsGZfgM2iZk7</latexit><latexit sha1_base64="FifGq+TUwzy0s9yNghRedxZVl4U=">AAACGHicjVBNS8NAFHypX7V+VT16WSyCp5KIoMeiF48KthXaUDbbTbt0swm7L0IN/RsevPhXvIh47c1/46bNQVsPDiwMM+/xdiZIpDDoul9OaWV1bX2jvFnZ2t7Z3avuH7RMnGrGmyyWsX4IqOFSKN5EgZI/JJrTKJC8HYyuc7/9yLURsbrHccL9iA6UCAWjaKVuN6I4DMLsadLzetWaW3dnIMvEK0gNCvxvvFeddvsxSyOukElqTMdzE/QzqlEwySeVbmp4QtmIDnjHUkUjbvxsFmxCTqzSJ2Gs7VNIZurPjYxGxoyjwE7mQcyil4t/eZ0Uw0s/EypJkSs2PxSmkmBM8pZIX2jOUI4toUwL+1fChlRThrbLio3uLQZdJq2zuufWvbvzWuOq6KwMR3AMp+DBBTTgBm6hCQwSeIZXeHdenDfnw/mcj5acYucQfsGZfgM2iZk7</latexit>

Training iteration



softmax
<latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit>

linear
<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>

relu
<latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit>

linear
<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>



softmax
<latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit>

linear
<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>

relu
<latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit>

linear
<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>



relu
<latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit>
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<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>

softmax
<latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit>



relu
<latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit>

linear
<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>

relu
<latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit>

linear
<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>

relu
<latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit><latexit sha1_base64="+4Vp5mtvlyjumddJNu7x315JsmA=">AAAB9HicbVBNS8NAEN3Ur1q/qh69LBbBU0lE0GPRi8cK9gPaUDbbSbt0s4m7k2IJ/R1ePCji1R/jzX/jts1BWx8MPN6bYWZekEhh0HW/ncLa+sbmVnG7tLO7t39QPjxqmjjVHBo8lrFuB8yAFAoaKFBCO9HAokBCKxjdzvzWGLQRsXrASQJ+xAZKhIIztJLfRXhCxEyDTKe9csWtunPQVeLlpEJy1Hvlr24/5mkECrlkxnQ8N0E/YxoFlzAtdVMDCeMjNoCOpYpFYPxsfvSUnlmlT8NY21JI5+rviYxFxkyiwHZGDIdm2ZuJ/3mdFMNrPxMqSREUXywKU0kxprMEaF9o4CgnljCuhb2V8iHTjKPNqWRD8JZfXiXNi6rnVr37y0rtJo+jSE7IKTknHrkiNXJH6qRBOHkkz+SVvDlj58V5dz4WrQUnnzkmf+B8/gC6LJK1</latexit>

linear
<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>

linear
<latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit><latexit sha1_base64="SKkyYWy5RP84r74IVixQmnzm3WA=">AAAB+HicbVBNS8NAEJ3Ur1o/GvXoJVgETyURQY9FLx4r2A9oQ9lsN+3SzSbsTsQa+ku8eFDEqz/Fm//GTZuDtj4YeLw3szvzgkRwja77bZXW1jc2t8rblZ3dvf2qfXDY1nGqKGvRWMSqGxDNBJeshRwF6yaKkSgQrBNMbnK/88CU5rG8x2nC/IiMJA85JWikgV3tI3tExCx/gKjZwK65dXcOZ5V4BalBgebA/uoPY5pGTCIVROue5yboZ0Qhp4LNKv1Us4TQCRmxnqGSREz72XzxmXNqlKETxsqURGeu/p7ISKT1NApMZ0RwrJe9XPzP66UYXvkZl0mKTNLFR2EqHIydPAVnyBWjKKaGEKq42dWhY6IIRZNVxYTgLZ+8Strndc+te3cXtcZ1EUcZjuEEzsCDS2jALTShBRRSeIZXeLOerBfr3fpYtJasYuYI/sD6/AGu+ZO9</latexit>

softmax
<latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit><latexit sha1_base64="WnOnaBzzbWUXS7TmqCDEq5b+9nQ=">AAAB+XicbVDLSgNBEJyNrxhfqx69DAbBU9gVQY9BLx4jmAckIcxOZpMh81hmekPCkj/x4kERr/6JN//GSbIHTSxoKKq66e6KEsEtBMG3V9jY3NreKe6W9vYPDo/845OG1amhrE610KYVEcsEV6wOHARrJYYRGQnWjEb3c785ZsZyrZ5gmrCuJAPFY04JOKnn+x1gEwDIrI5Bksms55eDSrAAXidhTsooR63nf3X6mqaSKaCCWNsOgwS6GTHAqWCzUie1LCF0RAas7agiktlutrh8hi+c0sexNq4U4IX6eyIj0tqpjFynJDC0q95c/M9rpxDfdjOukhSYostFcSowaDyPAfe5YRTE1BFCDXe3YjokhlBwYZVcCOHqy+ukcVUJg0r4eF2u3uVxFNEZOkeXKEQ3qIoeUA3VEUVj9Ixe0ZuXeS/eu/exbC14+cwp+gPv8wenpZRO</latexit>



Layer 1 representation

[DeCAF, Donahue, Jia, et al. 2013]

[Visualization technique : t-sne, van der Maaten & Hinton, 2008]

Layer 6 representation



1. Introduction to Deep Learning

• Brief history 

• Basic formulation (hierarchical processing) 

• Optimization via gradient descent 

• Layer types (Linear, Pointwise non-linearity) 

• Everything is a tensor 

• Deep nets as data transformers


