
Lecture 7: Neural networks

1 Slides from: Isola, Torralba, Freeman



• Next Thursday (2/6) at 5:30pm: PyTorch 
tutorial (location TBD), led by Anthony 
Liang and Binqi Sun 

• My office hours cancelled this week 
- Can do them by appointment instead
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http://www.deeplearningbook.org/ 

By Ian Goodfellow, Yoshua Bengio and Aaron Courville

November 2016
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Source: Isola, Torralba, Freeman

http://www.deeplearningbook.org/


Deep learning

Modeling the visual world is incredibly complicated. We need high 
capacity models.

We want a class of high capacity models that are easy to optimize.

Deep neural networks!
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A brief history of Neural Networks

time

enthusiasm
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http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/
2011_Nagy_Pace_FR.pdf.  Photo by George Nagy

http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.335.3398&rep=rep1&type=pdf

Perceptrons, 1958

Rosenblatt

Source: Isola, Torralba, Freeman

http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf
http://www.ecse.rpi.edu/homepages/nagy/PDF_chrono/2011_Nagy_Pace_FR.pdf


Perceptrons, 1958
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time

enthusiasm
Perceptrons, 
1958
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Minsky and Papert, Perceptrons, 1972
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XOR problem

Inputs Output

0       0                          0

1       0                          1

0       1                          1

1       1                          0 0                1

0 
   

   
   

   
   

1
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Perceptron can’t solve this problem!

Source: Isola, Torralba, Freeman



time

enthusiasm
Perceptrons, 
1958

Minsky and Papert, 
1972
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Parallel Distributed Processing (PDP), 1986
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time

enthusiasm
Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986
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LeCun convolutional neural networks

http://yann.lecun.com/exdb/lenet/index.html
Demos:
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http://yann.lecun.com/exdb/lenet/index.html
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http://pub.clement.farabet.net/ecvw09.pdf

Neural networks to 
recognize 
handwritten digits 
and human faces?  
yes 

Neural networks for 
tougher problems?  
not really
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http://pub.clement.farabet.net/ecvw09.pdf


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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time

enthusiasm
Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986

AI winter, 
2000
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Krizhevsky, Sutskever, and Hinton, NeurIPS 2012

“AlexNet”
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Source: Rob Fergus
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Krizhevsky, Sutskever, and Hinton, NeurIPS 2012
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time

enthusiasm
Perceptrons, 
1958

Minsky and Papert, 
1972

PDP book, 
1986

AI winter, 
2000

Krizhevsky, 
Sutskever, 
Hinton, 2012

28 years 28 years
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time

enthusiasm
Perceptrons, 
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Minsky and Papert, 
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Krizhevsky, 
Sutskever, 
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28 years 28 years

What comes next?

2028 ?
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What comes next?
Perceptrons,

1958

Minsky and Papert,

1972

PDP book,

1986

AI winter,

2000 time

enthusiasm

28 years 28 years

Krizhevsky, 
Sutskever,

Hinton, 2012

2028 ?

24
Source: Isola, Torralba, Freeman



[“Mask RCNN”, He et al. 2017]
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Source: Isola, Torralba, Freeman



Serre, 201426 Source: Isola, Torralba, Freeman



“Classic” object recognition without neural nets

Feature extractors

Edges

Texture

Colors

Segments

Parts
“clown fish”

Classifier

27Source: Isola, Torralba, Freeman



“clown fish”

Edges

Texture

Colors

Segments

Parts

Learned
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Feature extractors

“clown fish”

Classifier
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“Classic” object recognition without neural nets

Source: Isola, Torralba, Freeman



Object recognition

“clown fish”

Learned

29Source: Isola, Torralba, Freeman



Object recognition

“clown fish”

Learned

Neural net

30Source: Isola, Torralba, Freeman



Object recognition

“clown fish”

Learned

Deep neural net

31Source: Isola, Torralba, Freeman



“clown fish”

Loss

Learned
Deep learning

✓⇤ = argmin
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Gradient descent

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
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Gradient descent

J(✓)
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learning rate

Gradient descent

✓⇤ = argmin
✓
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One iteration of gradient descent:
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Optimization

• What’s the knowledge we have about J? 

• We can evaluate 

• We can evaluate           and      

• We can evaluate           ,                , and     
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First order optimizationJ(✓)
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<latexit sha1_base64="Dp56a+zglYeLw/xxC6sFCv+6E2c="></latexit><latexit sha1_base64="Dp56a+zglYeLw/xxC6sFCv+6E2c="></latexit><latexit sha1_base64="Dp56a+zglYeLw/xxC6sFCv+6E2c="></latexit><latexit sha1_base64="Dp56a+zglYeLw/xxC6sFCv+6E2c="></latexit>

Params
✓

<latexit sha1_base64="t5duRUGQiNnGS0onDa5D0jhO93E="></latexit><latexit sha1_base64="t5duRUGQiNnGS0onDa5D0jhO93E="></latexit><latexit sha1_base64="t5duRUGQiNnGS0onDa5D0jhO93E="></latexit><latexit sha1_base64="t5duRUGQiNnGS0onDa5D0jhO93E="></latexit>

J(✓)
<latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit><latexit sha1_base64="a/Lk8rEB5YqTpm5iqH/sBpa7bWw="></latexit>

J
<latexit sha1_base64="Ro1vbEsDMxSDmIPyW68eIg0SCUY="></latexit><latexit sha1_base64="Ro1vbEsDMxSDmIPyW68eIg0SCUY="></latexit><latexit sha1_base64="Ro1vbEsDMxSDmIPyW68eIg0SCUY="></latexit><latexit sha1_base64="Ro1vbEsDMxSDmIPyW68eIg0SCUY="></latexit>

36Source: Isola, Torralba, Freeman
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38Source: Isola, Torralba, Freeman
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Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

xi
<latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit>

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

39Source: Isola, Torralba, Freeman



Computation in a neural net

yj =
X

i

wijxi + bj
<latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit><latexit sha1_base64="OCrfsvwxBTax5P00Kpq5UxxcBOQ="></latexit>

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

xi
<latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit><latexit sha1_base64="MBmmtdjT1cJpcsKVNCraxQP4Ab0=">AAACPXicfZDLSsNAFIYn3o23VpduglUQkZKIoMuiLtyIirYWmlJOpqdx6GQSZiZiCX0Et/o4PocP4E7cunVSI3jDAwMf//ln5pw/SDhT2nWfrLHxicmp6ZlZe25+YXGpVF5uqDiVFOs05rFsBqCQM4F1zTTHZiIRooDjVdA/zPtXNygVi8WlHiTYjiAUrMcoaCNd3HZYp1Rxq+6onN/gFVAhRZ11yta6341pGqHQlINSLc9NdDsDqRnlOLT9VGECtA8htgwKiFC1s9GsQ2fDKF2nF0tzhHZG6tcbGURKDaLAOCPQ1+pnLxf/6rVS3dtvZ0wkqUZBPz7qpdzRsZMv7nSZRKr5wABQycysDr0GCVSbeGzbP0KzjMQT8/BpghJ0LLcyH2QYwe3QLBf62zn9Z2Ti02jI5Or9TPE3NHaqnlv1zncrtYMi4RmyStbIJvHIHqmRY3JG6oSSkNyRe/JgPVrP1ov1+mEds4o7K+RbWW/vWByumw==</latexit>

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>

40Source: Isola, Torralba, Freeman



Computation in a neural net

yj = xTwj + bj
<latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="t1NUP8dA+F4Ny14xgm6myJIl5wA=">AAACLHicfZHNSsNAEMc39avGqu3ZS7AKIlISL3oU9OBFrGBroSllspmkSzebsLsRS+gLePVxfBKP3sSncPshaCsOLPz4z+zszH+DjDOlXffNKq2srq1vlDftrYq9vbNbrbRVmkuKLZryVHYCUMiZwJZmmmMnkwhJwPEhGF5O8g+PKBVLxb0eZdhLIBYsYhS0kZr9at1tuNNwlsGbQ53Mo1+zDvwwpXmCQlMOSnU9N9O9AqRmlOPY9nOFGdAhxNg1KCBB1Sumc46dQ6OETpRKc4R2purPGwUkSo2SwFQmoAdqMTcR/8p1cx2d9womslyjoLOHopw7OnUmSzshk0g1HxkAKpmZ1aEDkEC1sca2/Ss0y0i8MY1vM5SgU3lc+CDjBJ7GZrnYP5nQf4VMfBcaMrZ6iyYuQ/u04bkN784lZbJH9skR8cgZuSDXpElahJKQPJMX69V6tz5m9pes+T/UyK+wPr8AB9mqqA==</latexit><latexit sha1_base64="TYp5TGPK/fqPoe2vnPcgnvBm6vE="></latexit><latexit sha1_base64="TYp5TGPK/fqPoe2vnPcgnvBm6vE="></latexit><latexit sha1_base64="H0hHbuX2Ccv1hMfPmMc6jH0/alU="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit><latexit sha1_base64="UK8iq9feakJXdGRU85hvWL1kWN0="></latexit>

Input 
representation 

Output 
representation 

yj
<latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit><latexit sha1_base64="6EhQp4bhMUwDs33bM9SyOR4GS+Y=">AAACPXicfZDNSsNAFIUn/tb6r0s3wSqISElE0GVRF25ERauFJpSb6U0cO5mEmYkYQh/BrT6Oz+EDuBO3bp3WCmrFCwMf556ZufcEKWdKO86zNTI6Nj4xWZoqT8/Mzs0vLC5dqiSTFOs04YlsBKCQM4F1zTTHRioR4oDjVdA56PWvblEqlogLnafoxxAJFjIK2kjneeumtVBxqk6/7GFwB1AhgzptLVprXjuhWYxCUw5KNV0n1X4BUjPKsVv2MoUp0A5E2DQoIEblF/1Zu/a6Udp2mEhzhLb76vcbBcRK5XFgnDHoa/W71xP/6jUzHe75BRNpplHQz4/CjNs6sXuL220mkWqeGwAqmZnVptcggWoTT7nsHaJZRuKxefgkRQk6kZuFBzKK4a5rlou8rR79Z2Tiy2jI5Or+TnEYLrerrlN1z3Yqtf1BwiWyQlbJBnHJLqmRI3JK6oSSiNyTB/JoPVkv1qv19mkdsQZ3lsmPst4/AFvMrp0=</latexit>

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 

41Source: Isola, Torralba, Freeman



Example: linear regression with a neural net

Input 
representation 

Output 
representation 

Linear layer

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="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

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>

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>

fw,b(x) = xTw + b
<latexit sha1_base64="mbvQZRdfpT7tpt637BIWAKlrxMk="></latexit><latexit sha1_base64="mbvQZRdfpT7tpt637BIWAKlrxMk="></latexit><latexit sha1_base64="mbvQZRdfpT7tpt637BIWAKlrxMk="></latexit><latexit sha1_base64="mbvQZRdfpT7tpt637BIWAKlrxMk="></latexit>

42Source: Isola, Torralba, Freeman



Input 
representation 

Output 
representation 

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

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>

g(y)

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>

g(y)

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Pointwise 
Non-linearity 

Computation in a neural net
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43Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

44 Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

45 Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

46 Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

g(y)
<latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit><latexit sha1_base64="e2ivyT9wDIWqw9/QUivbLDzIL/k=">AAACPnicfZDLSsNAFIYn9VbjXZduglVQkZKIoEtRF27ECtYWmlJOpqfp4GQSZiZiCX0Ft/o4voYv4E7cunRSI3jDAwMf//ln5pw/SDhT2nWfrNLY+MTkVHnanpmdm19YXFq+UnEqKdZpzGPZDEAhZwLrmmmOzUQiRAHHRnB9nPcbNygVi8WlHiTYjiAUrMco6FwKNwdbncWKW3VH5fwGr4AKKarWWbLW/W5M0wiFphyUanluotsZSM0ox6HtpwoToNcQYsuggAhVOxsNO3Q2jNJ1erE0R2hnpH69kUGk1CAKjDMC3Vc/e7n4V6+V6t5BO2MiSTUK+vFRL+WOjp18c6fLJFLNBwaASmZmdWgfJFBt8rFt/wTNMhLPzMPnCUrQsdzOfJBhBLdDs1zo7+T0n5GJT6Mhk6v3M8XfcLVb9dyqd7FXOTwqEi6TVbJGNolH9skhOSU1UieU9MkduScP1qP1bL1Yrx/WklXcWSHfynp7B2JtrpY=</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

47 Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

+
+

++

+

+
-

--
-

-

-

w⇤, b⇤ = argmin
w,b

L(g(ŷ), yi)
<latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit>

ŷ = xTw + b
<latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="raQpPe+YVB+cNmlLOAsjCzLtPm8="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="oMHzbJ3hOGvX6DS3XiPRWGSCYiM="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit>

g(ŷ) =

(
1, if ŷ > 0

0, otherwise
<latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit>

48 Source: Isola, Torralba, Freeman



Example: linear classification with a perceptron

x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

+
+

++

+

+
-

--
-

-

-

w⇤, b⇤ = argmin
w,b

L(g(ŷ), yi)
<latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit><latexit sha1_base64="ZALbV/nVoI0Dt5ZaAK2bsvbLRCg="></latexit>

ŷ = xTw + b
<latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="raQpPe+YVB+cNmlLOAsjCzLtPm8="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="Et2SHWdxi+e0cscPXZYCNekoXpg="></latexit><latexit sha1_base64="oMHzbJ3hOGvX6DS3XiPRWGSCYiM="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit><latexit sha1_base64="7v6oypEnDAzb5vc3bnRXSK5hpqI="></latexit>

g(ŷ) =

(
1, if ŷ > 0

0, otherwise
<latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit><latexit sha1_base64="DyEu0Us1/XCnSPQBFLu/mCBj/eY="></latexit>

49 Source: Isola, Torralba, Freeman
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y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

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>

g(y)

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>

g(y)

g(y) =

(
1, if y > 0

0, otherwise
<latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit><latexit sha1_base64="OacHKfLiQDrZIeuE4tEXxBo4Wuw="></latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

50 Source: Isola, Torralba, Freeman

Computation in a neural net — nonlinearity



g(y)

Input 
representation 

Output 
representation 

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

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>

g(y)

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>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Computation in a neural net — nonlinearity

g(y) =
1

1 + e�y
<latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit>

Sigmoid

51 Source: Isola, Torralba, Freeman



g(y)

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

g(y) =
1

1 + e�y
<latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></latexit><latexit sha1_base64="yoAyL08bE0mbFO+8TST+VnxJGKU="></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) 

Computation in a neural net — nonlinearity

52 Source: Isola, Torralba, Freeman



g(y)

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Tanh
• Bounded between [-1,+1] 

• Saturation for large +/- inputs 

• Gradients go to zero 

• Outputs centered at 0 

• Preferable to sigmoid

tanh(x) = 2 sigmoid(2x) −1

g(y) =
ey � e�y

ey + e�y
<latexit sha1_base64="9R6/v461JCu7+DWFiprHkuMgiZI="></latexit><latexit sha1_base64="9R6/v461JCu7+DWFiprHkuMgiZI="></latexit><latexit sha1_base64="9R6/v461JCu7+DWFiprHkuMgiZI="></latexit><latexit sha1_base64="9R6/v461JCu7+DWFiprHkuMgiZI="></latexit>

Computation in a neural net — nonlinearity

53 Source: Isola, Torralba, Freeman



g(y)

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Rectified linear unit (ReLU)

g(y) = max(0, y)

• 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

@y
=

(
0, if y < 0

1, if y � 0
<latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit><latexit sha1_base64="ruPFB8gsiXCS6lyiWjJddusU7mw="></latexit>

54 Source: Isola, Torralba, Freeman



g(y)

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

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

• Efficient to implement: 

• 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(y) =

(
max(0, y), if y � 0

amin(0, y), if y < 0
<latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit><latexit sha1_base64="vaKiXLveVNMBtSmpQ2hxktsC4sA="></latexit>

@g

@y
=

(
�a, if y < 0

1, if y � 0
<latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="raQpPe+YVB+cNmlLOAsjCzLtPm8="></latexit><latexit sha1_base64="SIjWJc6VAIBsD79mX9FjdgOmXeo="></latexit><latexit sha1_base64="SIjWJc6VAIBsD79mX9FjdgOmXeo="></latexit><latexit sha1_base64="uSfKimnJpgyiAkfY7F5Uf8085X0="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit><latexit sha1_base64="vKLP71ePYRihPJ7T8qBk1mP/frw="></latexit>
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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>

b(2)j
<latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit><latexit sha1_base64="lAvgdueFL8rQ9nqijsWPjJigSGA="></latexit>

W(2)
j

<latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></latexit><latexit sha1_base64="v9cn5urKneYXydISt0Y//aLbtLI="></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

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>

b(1)j
<latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit><latexit sha1_base64="fFdJ3/Qi7NiEWb8rbxedVbAdriI="></latexit>

W(1)
j

<latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit><latexit sha1_base64="KEETcUV9jkVmQ7H/PYOcoun+j/s="></latexit>

= “hidden units”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>

56 Source: Isola, Torralba, Freeman



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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

57 Source: Isola, Torralba, Freeman



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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

positive

negative

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

58 Source: Isola, Torralba, Freeman



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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

positive

negative

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

59 Source: Isola, Torralba, Freeman



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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

positive

negative

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

60 Source: Isola, Torralba, Freeman



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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

positive

negative

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit><latexit sha1_base64="8dsXz8faXeWz9DjaoE+UlStW0q0=">AAACI3icbVDLSsNAFJ34rPUVdelmsAgVoSRFUASh6MZlBfuANpbJdNIOnUzCzEQIIf/ixl9x40Ipblz4L07aVLT1wMC559zL3HvckFGpLOvTWFpeWV1bL2wUN7e2d3bNvf2mDCKBSQMHLBBtF0nCKCcNRRUj7VAQ5LuMtNzRTea3HomQNOD3Kg6J46MBpx7FSGmpZ152faSGrpfEKbyCs6KVPiTl6kk6q4cpPP0x3dzsmSWrYk0AF4mdkxLIUe+Z424/wJFPuMIMSdmxrVA5CRKKYkbSYjeSJER4hAakoylHPpFOMrkxhcda6UMvEPpxBSfq74kE+VLGvqs7sz3lvJeJ/3mdSHkXTkJ5GCnC8fQjL2JQBTALDPapIFixWBOEBdW7QjxEAmGlYy3qEOz5kxdJs1qxrYp9d1aqXedxFMAhOAJlYINzUAO3oA4aAIMn8ALewLvxbLwaY+Nj2rpk5DMH4A+Mr2+jj6Q7</latexit>

61 Source: Isola, Torralba, Freeman



Neural networks have a simple form

• Very simple form! (ignoring the bias terms) 

• Composition of linear functions with nonlinearities in between

y = W(n)g(W(n�1) . . . g(W(2)(g(W(1)x))))
<latexit sha1_base64="MmnDqAVCfYdZG4JZALmK8z4UyPg="></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 

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

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 

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

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

63 Source: Isola, Torralba, Freeman



[Figure from Andrea Vedaldi]

2-dimensional  
input representation

2-dimensional output 
representation

RH⇥W⇥C
(l)

! RH⇥W⇥C
(l+1)

<latexit sha1_base64="bQ1p9AVbcR7VigMzmBP0sdmGc9I="></latexit><latexit sha1_base64="bQ1p9AVbcR7VigMzmBP0sdmGc9I="></latexit><latexit sha1_base64="bQ1p9AVbcR7VigMzmBP0sdmGc9I="></latexit><latexit sha1_base64="bQ1p9AVbcR7VigMzmBP0sdmGc9I="></latexit>

64Source: Isola, Torralba, Freeman



“clown fish”

Lin
ea

r

Non
-lin

ea
rity

…

Clas
sify

f(x) = fL(. . . f2(f1(x)))

Deep nets

65Source: Isola, Torralba, Freeman



Last layer

…

…

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

“clown fish”argmax

Classifier layer

66 Source: Isola, Torralba, Freeman



“clown fish”

Loss error

Network output

…

…

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

Ground truth label

Loss function

67 Source: Isola, Torralba, Freeman



“clown fish”

Loss small

Network output

…

…

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

Ground truth label

Loss function

68 Source: Isola, Torralba, Freeman



“grizzly bear”

Loss large

Network output

…

…

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

Ground truth label

Loss function
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Prediction

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

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>

0 1

Ground truth label y

dolphin

cat

grizzly bear

angel fish

chameleon

iguana

elephant

clown fish

…

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

f
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f✓ : X ! RK
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�
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70 Source: Isola, Torralba, Freeman



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>
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• 1 layer? Linear decision surface. 
• 2+ layers? In theory, can represent any function. 

Assuming non-trivial non-linearity. 
– Bengio, Courville, Goodfellow book 
		 http://www.deeplearningbook.org/contents/mlp.html 
– Simple proof by M. Nielsen 

http://neuralnetworksanddeeplearning.com/chap4.html 

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

Representational power

72
Source: Isola, Torralba, Freeman

http://www.deeplearningbook.org/contents/mlp.html
http://neuralnetworksanddeeplearning.com/chap4.html


Example: linear classification with a perceptron

x1
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x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

y = xTw + b
<latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit><latexit sha1_base64="BCQZiLbwh90DMepJNvHyaK7ty9k="></latexit>

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

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

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

73 Source: Isola, Torralba, Freeman



x1
<latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit><latexit sha1_base64="6YncjAhEF93J3rMTkri9f01D0xE=">AAACPXicfZDLSsNAFIYn3q23VpduglUQkZKIoMuiLtyIirYWmlBOpidx6GQSZiZiCX0Et/o4PocP4E7cunVaI3jDAwMf//ln5pw/SDlT2nGerLHxicmp6ZnZ0tz8wuJSubLcVEkmKTZowhPZCkAhZwIbmmmOrVQixAHHq6B3OOxf3aBULBGXup+iH0MkWMgoaCNd3HbcTrnq1JxR2b/BLaBKijrrVKx1r5vQLEahKQel2q6Taj8HqRnlOCh5mcIUaA8ibBsUEKPy89GsA3vDKF07TKQ5Qtsj9euNHGKl+nFgnDHoa/WzNxT/6rUzHe77ORNpplHQj4/CjNs6sYeL210mkWreNwBUMjOrTa9BAtUmnlLJO0KzjMQT8/BpihJ0IrdyD2QUw+3ALBd520P6z8jEp9GQydX9meJvaO7UXKfmnu9W6wdFwjNklayRTeKSPVInx+SMNAglEbkj9+TBerSerRfr9cM6ZhV3Vsi3st7eAfEFrmM=</latexit>

x2
<latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit><latexit sha1_base64="bqHHe8NEem3QYqsSDuDfgLNfZXg=">AAACPXicfZDLSsNAFIYn9R6v1aWbYBVEpCQi6FLUhRtR0bZCE8rJ9DQdnEzCzERaQh/BrT6Oz+EDuBO3bp1eBK3igYGP//wzc84fppwp7bovVmFicmp6ZnbOnl9YXFpeKa5WVZJJihWa8ETehqCQM4EVzTTH21QixCHHWnh30u/X7lEqlogb3U0xiCESrMUoaCNddxp7jZWSW3YH5fwGbwQlMqrLRtHa9JsJzWIUmnJQqu65qQ5ykJpRjj3bzxSmQO8gwrpBATGqIB/M2nO2jNJ0Wok0R2hnoH6/kUOsVDcOjTMG3Vbjvb74V6+e6dZhkDORZhoFHX7UyrijE6e/uNNkEqnmXQNAJTOzOrQNEqg28di2f4pmGYnn5uGLFCXoRO7kPsgohk7PLBf5u336z8jEl9GQydUbT/E3VPfKnlv2rvZLR8ejhGfJOtkg28QjB+SInJFLUiGUROSBPJIn69l6td6s96G1YI3urJEfZX18AvLcrmQ=</latexit>

y
<latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit><latexit sha1_base64="wmQTi+CiSNXY0OM6Rdab2EC57Yw=">AAACO3icfZDLSgMxFIYz9VbrrdWlm8EqiEiZEUGXRV24EVuwF+iUciY9bUMzmSHJiGXoE7jVx/FBXLsTt+5NL4K24oHAx3/+JOf8fsSZ0o7zaqUWFpeWV9KrmbX1jc2tbG67qsJYUqzQkIey7oNCzgRWNNMc65FECHyONb9/OerX7lEqFoo7PYiwGUBXsA6joI1UHrSyeafgjMueB3cKeTKtUitn7XvtkMYBCk05KNVwnUg3E5CaUY7DjBcrjID2oYsNgwICVM1kPOnQPjBK2+6E0hyh7bH680YCgVKDwDfOAHRPzfZG4l+9Rqw7582EiSjWKOjko07MbR3ao7XtNpNINR8YACqZmdWmPZBAtQknk/Gu0Cwj8cY8fBuhBB3Ko8QD2Q3gYWiW63rHI/rPyMS30ZDJ1Z1NcR6qJwXXKbjl03zxYppwmuySPXJIXHJGiuSalEiFUILkkTyRZ+vFerPerY+JNWVN7+yQX2V9fgGeHq3A</latexit>

Example: nonlinear classification with a deep net net

h = g(W(1)x+ b(1))
<latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit><latexit sha1_base64="YmdXZzgOJvbYQTtzsUtO+nHljyU=">AAACJnicbVDLSgMxFL3js9bXqEs3wSK0CGVGBN0Uim5cVrAPaGvJpJk2NPMgyYhlmK9x46+4cVERceenmGmnoK0HAueecy+59zghZ1JZ1pexsrq2vrGZ28pv7+zu7ZsHhw0ZRILQOgl4IFoOlpQzn9YVU5y2QkGx53DadEY3qd98pEKywL9X45B2PTzwmcsIVlrqmZWOh9XQceNhgipoUJyXzeQhLtqlZF4/JegMzQsnM0s9s2CVrSnQMrEzUoAMtZ456fQDEnnUV4RjKdu2FapujIVihNMk34kkDTEZ4QFta+pjj8puPD0zQada6SM3EPr5Ck3V3xMx9qQce47uTBeVi14q/ue1I+VedWPmh5GiPpl95EYcqQClmaE+E5QoPtYEE8H0rogMscBE6WTzOgR78eRl0jgv21bZvrsoVK+zOHJwDCdQBBsuoQq3UIM6EHiGV5jAu/FivBkfxuesdcXIZo7gD4zvH1z8pQ4=</latexit>

y = W(2)h+ b(2)
<latexit sha1_base64="KIvWI5O3HiKbAV//s2xGAL777v4=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEUpSBN0IRTcuK9gHtLVMppN26OTBzEQIIb/gxl9x40IRt+7c+TdO2gjaemDgzDn3cu89TsiZVJb1ZRSWlldW14rrpY3Nre0dc3evJYNIENokAQ9Ex8GScubTpmKK004oKPYcTtvO5Crz2/dUSBb4tyoOad/DI5+5jGClpYFZidEF6nlYjR03aad3SaV2nP78xyk6Qc5MG5hlq2pNgRaJnZMy5GgMzM/eMCCRR31FOJaya1uh6idYKEY4TUu9SNIQkwke0a6mPvao7CfTi1J0pJUhcgOhn6/QVP3dkWBPythzdGW2q5z3MvE/rxsp97yfMD+MFPXJbJAbcaQClMWDhkxQonisCSaC6V0RGWOBidIhlnQI9vzJi6RVq9pW1b45Ldcv8ziKcACHUAEbzqAO19CAJhB4gCd4gVfj0Xg23oz3WWnByHv24Q+Mj2852Jv7</latexit><latexit sha1_base64="KIvWI5O3HiKbAV//s2xGAL777v4=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEUpSBN0IRTcuK9gHtLVMppN26OTBzEQIIb/gxl9x40IRt+7c+TdO2gjaemDgzDn3cu89TsiZVJb1ZRSWlldW14rrpY3Nre0dc3evJYNIENokAQ9Ex8GScubTpmKK004oKPYcTtvO5Crz2/dUSBb4tyoOad/DI5+5jGClpYFZidEF6nlYjR03aad3SaV2nP78xyk6Qc5MG5hlq2pNgRaJnZMy5GgMzM/eMCCRR31FOJaya1uh6idYKEY4TUu9SNIQkwke0a6mPvao7CfTi1J0pJUhcgOhn6/QVP3dkWBPythzdGW2q5z3MvE/rxsp97yfMD+MFPXJbJAbcaQClMWDhkxQonisCSaC6V0RGWOBidIhlnQI9vzJi6RVq9pW1b45Ldcv8ziKcACHUAEbzqAO19CAJhB4gCd4gVfj0Xg23oz3WWnByHv24Q+Mj2852Jv7</latexit><latexit sha1_base64="KIvWI5O3HiKbAV//s2xGAL777v4=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEUpSBN0IRTcuK9gHtLVMppN26OTBzEQIIb/gxl9x40IRt+7c+TdO2gjaemDgzDn3cu89TsiZVJb1ZRSWlldW14rrpY3Nre0dc3evJYNIENokAQ9Ex8GScubTpmKK004oKPYcTtvO5Crz2/dUSBb4tyoOad/DI5+5jGClpYFZidEF6nlYjR03aad3SaV2nP78xyk6Qc5MG5hlq2pNgRaJnZMy5GgMzM/eMCCRR31FOJaya1uh6idYKEY4TUu9SNIQkwke0a6mPvao7CfTi1J0pJUhcgOhn6/QVP3dkWBPythzdGW2q5z3MvE/rxsp97yfMD+MFPXJbJAbcaQClMWDhkxQonisCSaC6V0RGWOBidIhlnQI9vzJi6RVq9pW1b45Ldcv8ziKcACHUAEbzqAO19CAJhB4gCd4gVfj0Xg23oz3WWnByHv24Q+Mj2852Jv7</latexit><latexit sha1_base64="KIvWI5O3HiKbAV//s2xGAL777v4=">AAACEXicbVDLSsNAFL2pr1pfUZduBotQEUpSBN0IRTcuK9gHtLVMppN26OTBzEQIIb/gxl9x40IRt+7c+TdO2gjaemDgzDn3cu89TsiZVJb1ZRSWlldW14rrpY3Nre0dc3evJYNIENokAQ9Ex8GScubTpmKK004oKPYcTtvO5Crz2/dUSBb4tyoOad/DI5+5jGClpYFZidEF6nlYjR03aad3SaV2nP78xyk6Qc5MG5hlq2pNgRaJnZMy5GgMzM/eMCCRR31FOJaya1uh6idYKEY4TUu9SNIQkwke0a6mPvao7CfTi1J0pJUhcgOhn6/QVP3dkWBPythzdGW2q5z3MvE/rxsp97yfMD+MFPXJbJAbcaQClMWDhkxQonisCSaC6V0RGWOBidIhlnQI9vzJi6RVq9pW1b45Ldcv8ziKcACHUAEbzqAO19CAJhB4gCd4gVfj0Xg23oz3WWnByHv24Q+Mj2852Jv7</latexit>

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

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

y
<latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit><latexit sha1_base64="l29WxoUb9DEbvmhLG7jHtZ0OU24=">AAAB6HicbVBNS8NAEJ34WetX1aOXxSJ4KokIeix68diC/YA2lM120q7dbMLuRgihv8CLB0W8+pO8+W/ctjlo64OBx3szzMwLEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5m/mdJ1Sax/LBZAn6ER1JHnJGjZWa2aBSdWvuHGSVeAWpQoHGoPLVH8YsjVAaJqjWPc9NjJ9TZTgTOC33U40JZRM6wp6lkkao/Xx+6JScW2VIwljZkobM1d8TOY20zqLAdkbUjPWyNxP/83qpCW/8nMskNSjZYlGYCmJiMvuaDLlCZkRmCWWK21sJG1NFmbHZlG0I3vLLq6R9WfPcmte8qtZvizhKcApncAEeXEMd7qEBLWCA8Ayv8OY8Oi/Ou/OxaF1zipkT+APn8wfnvYz9</latexit>

74 Source: Isola, Torralba, Freeman
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“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>

L(f✓(x1),y1)
<latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit><latexit sha1_base64="9o1huIyMJYmNnbA5giaTmqRHW/Y="></latexit>

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi)
<latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit><latexit sha1_base64="NY7Asv10v4fRUCn8YLdDvRAq9Jk="></latexit>

y1
<latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit><latexit sha1_base64="J51W9itlTvHBbqqqJ0NiQ93Cq3w="></latexit>

x1
<latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit><latexit sha1_base64="Oigk9pKRqxnyH+TvotRGxAo8RjA="></latexit>

76 Source: Isola, Torralba, Freeman



Batch processing

Loss

Loss

Loss

…

⌃
<latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit><latexit sha1_base64="I35/plNhKDPnEnZ+Bc1BZ7JjiUg="></latexit>

Features

Im
ag

es

77 Source: Isola, Torralba, Freeman



Tensors 
(multi-dimensional arrays)

…

Fu
rry

?
Is 

a fi
sh

?
Size # S

trip
es

…

Each layer is a representation of the data 
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…

h(1) 2 RNbatch⇥C(1)

<latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit>

N
b
a
t
c
h

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit>

Tensors 
(multi-dimensional arrays)

# neurons 
# features 
# units 
# “channels”

79 Source: Isola, Torralba, Freeman



h(1) 2 RNbatch⇥C(1)

<latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit><latexit sha1_base64="Jg/Ws+kkGsNlkeea1bWaORPTa7k="></latexit>

N
b
a
t
c
h

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit>

Tensors 
(multi-dimensional arrays)

# neurons 
# features 
# units 
# “channels”

80 Source: Isola, Torralba, Freeman



h(1) 2 RNbatch⇥C(1)

<latexit sha1_base64="rRx5i13wds1e/60pYjNviZpPGWk="></latexit><latexit sha1_base64="rRx5i13wds1e/60pYjNviZpPGWk="></latexit><latexit sha1_base64="rRx5i13wds1e/60pYjNviZpPGWk="></latexit><latexit sha1_base64="rRx5i13wds1e/60pYjNviZpPGWk="></latexit>

h(2) 2 RNbatch⇥C(2)

<latexit sha1_base64="dFKxHTfHgck+FTZ9uUHxi8/O/vs="></latexit><latexit sha1_base64="dFKxHTfHgck+FTZ9uUHxi8/O/vs="></latexit><latexit sha1_base64="dFKxHTfHgck+FTZ9uUHxi8/O/vs="></latexit><latexit sha1_base64="dFKxHTfHgck+FTZ9uUHxi8/O/vs="></latexit>

N
b
a
t
c
h

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit> C(2)

<latexit sha1_base64="dFgCe+iY4iT3vVhJRDbmlTSr6VQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoM5uIxgnlAEsPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1P6nO//YRK80g+mGmM/ZCOJA84o8ZK7fpjWq5ezgbFkltxFyDrxMtICTI0BsWv3jBiSYjSMEG17npubPopVYYzgbNCL9EYUzahI+xaKmmIup8uzp2RC6sMSRApW9KQhfp7IqWh1tPQt50hNWO96s3F/7xuYoKbfsplnBiUbLkoSAQxEZn/ToZcITNiagllittbCRtTRZmxCRVsCN7qy+ukVa14bsW7vyrVbrM48nAG51AGD66hBnfQgCYwmMAzvMKbEzsvzrvzsWzNOdnMKfyB8/kDRtSO3A==</latexit><latexit sha1_base64="dFgCe+iY4iT3vVhJRDbmlTSr6VQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoM5uIxgnlAEsPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1P6nO//YRK80g+mGmM/ZCOJA84o8ZK7fpjWq5ezgbFkltxFyDrxMtICTI0BsWv3jBiSYjSMEG17npubPopVYYzgbNCL9EYUzahI+xaKmmIup8uzp2RC6sMSRApW9KQhfp7IqWh1tPQt50hNWO96s3F/7xuYoKbfsplnBiUbLkoSAQxEZn/ToZcITNiagllittbCRtTRZmxCRVsCN7qy+ukVa14bsW7vyrVbrM48nAG51AGD66hBnfQgCYwmMAzvMKbEzsvzrvzsWzNOdnMKfyB8/kDRtSO3A==</latexit><latexit sha1_base64="dFgCe+iY4iT3vVhJRDbmlTSr6VQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoM5uIxgnlAEsPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1P6nO//YRK80g+mGmM/ZCOJA84o8ZK7fpjWq5ezgbFkltxFyDrxMtICTI0BsWv3jBiSYjSMEG17npubPopVYYzgbNCL9EYUzahI+xaKmmIup8uzp2RC6sMSRApW9KQhfp7IqWh1tPQt50hNWO96s3F/7xuYoKbfsplnBiUbLkoSAQxEZn/ToZcITNiagllittbCRtTRZmxCRVsCN7qy+ukVa14bsW7vyrVbrM48nAG51AGD66hBnfQgCYwmMAzvMKbEzsvzrvzsWzNOdnMKfyB8/kDRtSO3A==</latexit><latexit sha1_base64="dFgCe+iY4iT3vVhJRDbmlTSr6VQ=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoMQL2E3CHoM5uIxgnlAEsPspDcZMju7zMwKYclHePGgiFe/x5t/4yTZgyYWNBRV3XR3+bHg2rjut5Pb2Nza3snvFvb2Dw6PiscnLR0limGTRSJSHZ9qFFxi03AjsBMrpKEvsO1P6nO//YRK80g+mGmM/ZCOJA84o8ZK7fpjWq5ezgbFkltxFyDrxMtICTI0BsWv3jBiSYjSMEG17npubPopVYYzgbNCL9EYUzahI+xaKmmIup8uzp2RC6sMSRApW9KQhfp7IqWh1tPQt50hNWO96s3F/7xuYoKbfsplnBiUbLkoSAQxEZn/ToZcITNiagllittbCRtTRZmxCRVsCN7qy+ukVa14bsW7vyrVbrM48nAG51AGD66hBnfQgCYwmMAzvMKbEzsvzrvzsWzNOdnMKfyB8/kDRtSO3A==</latexit>

N
b
a
t
c
h

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

81 Source: Isola, Torralba, Freeman

Tensors 
(multi-dimensional arrays)



Processing a layer

h(1) 2 RNbatch⇥H
(1)⇥W

(1)⇥C
(1)

<latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit><latexit sha1_base64="dOUrWpgMw80MP8W9lDxqo2Cf3Uk="></latexit>

H
(1

)
⇥
W

(1
)

<latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit><latexit sha1_base64="/6Urp6UoqhYkuH0rK1dgw+vXPa0="></latexit>

C(1)
<latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit><latexit sha1_base64="G02qYmL+TfAhbjuBK/mNxaNDfOM="></latexit> Nbatch

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

h(2) 2 RNbatch⇥H
(2)⇥W

(2)⇥C
(2)

<latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit><latexit sha1_base64="Ks0cBvdfOxm/XzqSAmFh2MPcDNY="></latexit>

H
(2

)
⇥
W

(2
)

<latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit><latexit sha1_base64="ndkFNNtr7k6txM71tEHqzJtGeY4="></latexit>

C(2)
<latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit><latexit sha1_base64="aBkJpodeCcUxXE814aEiu0rOjnY="></latexit> Nbatch

<latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit><latexit sha1_base64="19Ed9vcqpq85YPsFmvR49fdAc5Y="></latexit>

82 Source: Isola, Torralba, Freeman



Layer 1 representation

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

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

Layer 6 representation

83



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 regularize to prevent the network from overfitting? 
1. Fewer neurons, fewer layers 
2. L2 norm penalty on weights, called weight decay 
3. Dropout 
4. Normalization layers 
5. …

84
Source: Isola, Torralba, Freeman



Regularizing the weights in a neural net

“Weight decay”

✓⇤ = argmin
✓

NX

i=1

L(f✓(xi),yi) +R(✓)
<latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit><latexit sha1_base64="2ffDpBNj2dx5s03p0wY2ss/Y2fE="></latexit>

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

85 Source: Isola, Torralba, Freeman



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>

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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

Dropout

86 Source: Isola, Torralba, Freeman



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>

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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

Dropout

87 Source: Isola, Torralba, Freeman



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>

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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

Dropout

88 Source: Isola, Torralba, Freeman



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>

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>

W(1)
<latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit><latexit sha1_base64="/9mC8D5nhOZjh5Usn6UCnK/Vq+Q="></latexit>

W(2)
<latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit><latexit sha1_base64="9WCxrhPeDBOVkS2tzxbMfux0RYI="></latexit>

b(1)
<latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit><latexit sha1_base64="9tPP7XWWXyMsjGfbv7dc2VPkae0="></latexit>

b(2)
<latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit><latexit sha1_base64="Z05pQdX1H/agWn+r38IKHf9n4G0="></latexit>

✓ = {W(1), . . . ,W(L),b(1), . . . ,b(L)}
<latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit><latexit sha1_base64="y8cVpr00GQsr0QzjJm02tRYpUq0="></latexit>

Dropout

89 Source: Isola, Torralba, Freeman



Dropout

Randomly zero out hidden units.

Prevents network from relying too much on spurious correlations between 
different hidden units.

Can be understood as averaging over an exponential ensemble of 
subnetworks. This averaging smooths the function, thereby reducing the 
effective capacity of the network.

90 Source: Isola, Torralba, Freeman



Normalization layers
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> ReLUNorm h+
<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>

ĥk =
hk � E[hk]p

Var[hk]
<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>

E[hk]
<latexit sha1_base64="VxLnEIDOnggg4VwaMJXqftgjBRs="></latexit><latexit sha1_base64="VxLnEIDOnggg4VwaMJXqftgjBRs="></latexit><latexit sha1_base64="VxLnEIDOnggg4VwaMJXqftgjBRs="></latexit><latexit sha1_base64="VxLnEIDOnggg4VwaMJXqftgjBRs="></latexit>

Var[hk]
<latexit sha1_base64="wk8BF/z8gcvjuBPAobS//tPLkck="></latexit><latexit sha1_base64="wk8BF/z8gcvjuBPAobS//tPLkck="></latexit><latexit sha1_base64="wk8BF/z8gcvjuBPAobS//tPLkck="></latexit><latexit sha1_base64="wk8BF/z8gcvjuBPAobS//tPLkck="></latexit>

91
Source: Isola, Torralba, Freeman



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.

92 Source: Isola, Torralba, Freeman



Normalization layers

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> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>

ĥk =
hk � E[hk]p

Var[hk]
<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>

93
Source: Isola, Torralba, Freeman



Normalization layers

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> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>

ĥk =
hk � E[hk]p

Var[hk]
<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>

94
Source: Isola, Torralba, Freeman



Normalization layers

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> ReLUNorm h+

<latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit><latexit sha1_base64="IaX/PorAm4cP8KitJkUKLau4/1E="></latexit>

ĥ
<latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit><latexit sha1_base64="H6c9LBdb+WUCr96ooh5WScs6L4M="></latexit>

ĥk =
hk � E[hk]p

Var[hk]
<latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit><latexit sha1_base64="k/sO3kNZkWQ+EUepdr59/3mFsKI="></latexit>

95
Source: Isola, Torralba, Freeman



[Figure from Wu & He, arXiv 2018]

Batch normalization

Normalize w.r.t. a single hidden unit’s pattern of activation over training examples 
(a batch of examples).

96 Source: Isola, Torralba, Freeman
[Ioffe & Szegedy, 2015]



Next lecture: Learning with neural networks 

97




