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72% Indoor Booth



Announcement for the final exam

Final exam date: 07 May 2021 (Friday) 09:30 - 11:30 am: 
Online final exam: self-arranged invigilation



http://www.deeplearningbook.org/

By Ian Goodfellow, Yoshua Bengio and Aaron Courville

November 2016

Parts of chapter 9

Review background on signal processing, convolution,
— this is the technology that underlies convnets! 



This Week: Into Deep Learning
• Scene classification: A live demo


• A brief overview of Convolutional Neural Networks (CNNs)


• Standard building blocks of CNNs


• Some important networks & their tricks


• You are highly suggested to attend this week’s TA 
Tutorial on learning PyTorch and how to use deep 
networks



Image Classification

72% Indoor Booth

http://places2.csail.mit.edu/demo.html 
Try this!  

http://places2.csail.mit.edu/demo.html


LeCun conv nets, 1998

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

http://yann.lecun.com/exdb/lenet/index.html
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Krizhevsky, Sutskever, and Hinton, NeurIPS 2012

“Alexnet”



Slide from Rob Fergus, NYU



Krizhevsky, Sutskever, and Hinton, NeurIPS 2012



[“Mask RCNN”, He et al. 2017]



#edges2cats [Chris Hesse]

[“pix2pix”, Isola et al. 2017]



Ivy Tasi @ivymyt

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



Serre, 2014
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“Indoor booth”

Loss

Learned
Deep learning
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Gradient descent
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learning rate

Gradient descent
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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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[http://ruder.io/optimizing-gradient-descent/]

Comparison of gradient descent variants



Input 
representation 

Output 
representation 

Computation in a neural net



yj =
X

i

wijxi

Computation in a neural net

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



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>



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 



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>



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

“Perceptron”



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>



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>



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>



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>



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>



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>



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>

Computation in a neural net



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



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) 

• Not used in practice

Computation in a neural net — nonlinearity



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



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>



g(y)

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

• Efficient to implement: 

•Also known as probabilistic ReLU (PReLU) 

• Has non-zero gradients everywhere (unlike 
ReLU) 

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

Computation in a neural net — nonlinearity

g(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>



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>



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>



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>



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>



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>



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>



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 
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[Figure from Andrea Vedaldi]

2-dimensional  
input representation

2-dimensional output 
representation
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(l)
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(l+1)
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• 1 layer? Linear decision surface. 
• 2+ layers? In theory, can represent any function. 

Assuming non-trivial non-linearity. 
– Bengio 2009, 

http://www.iro.umontreal.ca/~bengioy/papers/ftml.pdf 
– Bengio, Courville, Goodfellow book 
		 http://www.deeplearningbook.org/contents/mlp.html 
– Simple proof by M. Neilsen 

http://neuralnetworksanddeeplearning.com/chap4.html 
–  D. Mackay book  

	 	 	 http://www.inference.phy.cam.ac.uk/mackay/itprnn/ps/482.491.pdf 

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

Representational power

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


Example: linear classification with a perceptron
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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>

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>



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>



[http://playground.tensorflow.org]

http://playground.tensorflow.org


Answer:

What class is      ?

Answer: Answer:
Underfitting Appropriate model Overfitting

Example: nonlinear classification with a deep net



“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>



“grizzly bear”

Loss

Learned
Deep learning

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

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

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

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

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

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

✓⇤ = argmin
✓

NX

i=1

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

L(f✓(x2),y2)
<latexit sha1_base64="fFFCB7eejza/zlAV/wbUSis6Szo="></latexit><latexit sha1_base64="fFFCB7eejza/zlAV/wbUSis6Szo="></latexit><latexit sha1_base64="fFFCB7eejza/zlAV/wbUSis6Szo="></latexit><latexit sha1_base64="fFFCB7eejza/zlAV/wbUSis6Szo="></latexit>

x2
<latexit sha1_base64="BGpt5Utmtf3e59dvNgHGhyUMhJY="></latexit><latexit sha1_base64="BGpt5Utmtf3e59dvNgHGhyUMhJY="></latexit><latexit sha1_base64="BGpt5Utmtf3e59dvNgHGhyUMhJY="></latexit><latexit sha1_base64="BGpt5Utmtf3e59dvNgHGhyUMhJY="></latexit>

y2
<latexit sha1_base64="6vq+csRapwN46y2e4MkNuQsqq9k="></latexit><latexit sha1_base64="6vq+csRapwN46y2e4MkNuQsqq9k="></latexit><latexit sha1_base64="6vq+csRapwN46y2e4MkNuQsqq9k="></latexit><latexit sha1_base64="6vq+csRapwN46y2e4MkNuQsqq9k="></latexit>



“chameleon”

Loss

Learned
Deep learning

xi
<latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit><latexit sha1_base64="xJ4jKLDJGwVktnqhP9WUb+owElc="></latexit>

yi
<latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit><latexit sha1_base64="0K2sIsHmznZDQEnYN4deBkwg1Wg="></latexit>

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

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

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

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

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

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

✓⇤ = argmin
✓

NX

i=1

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

L(f✓(xi),yi)
<latexit sha1_base64="LsY/QffLc94kMz0ybC/q9VKkUwg="></latexit><latexit sha1_base64="LsY/QffLc94kMz0ybC/q9VKkUwg="></latexit><latexit sha1_base64="LsY/QffLc94kMz0ybC/q9VKkUwg="></latexit><latexit sha1_base64="LsY/QffLc94kMz0ybC/q9VKkUwg="></latexit>



Batch (parallel) 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



Tensors 
(multi-dimensional arrays)

…

Fu
rry

?
Is 

a fi
sh
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Size # S
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…

Each layer is a representation of the data 



…

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”



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”



“Tensor flow”

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>



Layer 1 representation

[DeCAF, Donahue, Jia, et al. 2013]
[Visualization technique : t-sne, van der Maaten & Hinton, 2008]

Layer 6 representation



“Tensor flow”

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>



Convolutional Neural Networks



Photo credit: Fredo Durand





“Bird”Classifier
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f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

Problem: 

What happens to objects that are bigger?


What if an object crosses multiple cells?



“Cell”-based approach is limited.


What can we do instead?





“Sky”f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

“Sky”f
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What’s the object class of the center pixel?
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“Bird”f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

What’s the object class of the center pixel?

Training data

n o
,

n o
,

n o
,

…

x

“Bird”

“Bird”

“Sky”

y
<latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit><latexit sha1_base64="vxBEnhzMsLfh3VlVCSTOZDBJ93o="></latexit>



f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

This problem is called semantic segmentation

(Colors represent one-hot codes)



“Sky”f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

“Sky”f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

“Bird”f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

“Bird”f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>

What’s the object class of the center pixel?

Translation invariance: process 
each patch in the same way.

An equivariant mapping:
f(translate(x)) = translate(f(x))

<latexit sha1_base64="KMnIvy+dQsz0iXf2ViJSQawgrQ0="></latexit><latexit sha1_base64="KMnIvy+dQsz0iXf2ViJSQawgrQ0="></latexit><latexit sha1_base64="KMnIvy+dQsz0iXf2ViJSQawgrQ0="></latexit><latexit sha1_base64="KMnIvy+dQsz0iXf2ViJSQawgrQ0="></latexit>

f
<latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit><latexit sha1_base64="b4HLEbhr7TEtaehBb4ygFYyuiV8=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48t2A9oQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyxWMSqG1CNgktsGW4EdhOFNAoEdoLJ3dzvPKHSPJYPZpqgH9GR5CFn1FipGQ7KFbfqLkDWiZeTCuRoDMpf/WHM0gilYYJq3fPcxPgZVYYzgbNSP9WYUDahI+xZKmmE2s8Wh87IhVWGJIyVLWnIQv09kdFI62kU2M6ImrFe9ebif14vNeGNn3GZpAYlWy4KU0FMTOZfkyFXyIyYWkKZ4vZWwsZUUWZsNiUbgrf68jppX1U9t+o1ryv12zyOIpzBOVyCBzWowz00oAUMEJ7hFd6cR+fFeXc+lq0FJ585hT9wPn8AyvGM6g==</latexit>



W
<latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit>

W
<latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit>

W
<latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit><latexit sha1_base64="CDzLxFzk8prSUB9aSxXIuNQDFkw="></latexit>

W computes a weighted sum of all pixels in the patch

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

W is a convolutional kernel applied to the full image!



Convolution

filter



Fully-connected (fc) layer

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>

Fully-connected network

W
<latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit><latexit sha1_base64="Ggo3WPYQVP54iv8XulakDlzRgTw=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdh1pkNqjW37s5BVolXkBoUaA6qX/1hzNKIK2SSGtPz3AT9jGoUTPJZpZ8anlA2oSPes1TRiBs/myeekTOrDEkYa/sUkrn6eyOjkTHTKLCTeUKz7OXif14vxfDaz4RKUuSKLT4KU0kwJvn5ZCg0ZyinllCmhc1K2JhqytCWVLEleMsnr5L2Rd1z6979Za1xU9RRhhM4hXPw4AoacAdNaAEDBc/wCm+OcV6cd+djMVpyip1j+APn8wfLFJD7</latexit>

b
<latexit sha1_base64="GzkDGoTHQZtfUngWQn2o7T4JC7s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFswG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPby5EG</latexit><latexit sha1_base64="GzkDGoTHQZtfUngWQn2o7T4JC7s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFswG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPby5EG</latexit><latexit sha1_base64="GzkDGoTHQZtfUngWQn2o7T4JC7s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFswG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPby5EG</latexit><latexit sha1_base64="GzkDGoTHQZtfUngWQn2o7T4JC7s=">AAAB8XicbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+8A2lMl00g6dTMLMjVBC/8KNC0Xc+jfu/BsnbRbaemDgcM69zLknSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHFtRKwecJpwP6IjJULBKFrpsR9RHAdhFswG1Zpbd+cgq8QrSA0KNAfVr/4wZmnEFTJJjel5boJ+RjUKJvms0k8NTyib0BHvWapoxI2fzRPPyJlVhiSMtX0KyVz9vZHRyJhpFNjJPKFZ9nLxP6+XYnjtZ0IlKXLFFh+FqSQYk/x8MhSaM5RTSyjTwmYlbEw1ZWhLqtgSvOWTV0n7ou65de/+sta4Keoowwmcwjl4cAUNuIMmtICBgmd4hTfHOC/Ou/OxGC05xc4x/IHz+QPby5EG</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)



Locally connected network

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>

Often, we assume output is a 
local function of input.

If we use the same weights 
(weight sharing) to compute 
each local function, we get a 
convolutional neural network.



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

Conv layer

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>

g(y)

Often, we assume output is a 
local function of input.

Convolutional neural network

If we use the same weights 
(weight sharing) to compute 
each local function, we get a 
convolutional neural network.



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

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

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

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

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

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

Weight sharing

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>

g(y)

Often, we assume output is a 
local function of input.

If we use the same weights 
(weight sharing) to compute 
each local function, we get a 
convolutional neural network.

Conv layer
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<latexit sha1_base64="xHCeJPhABqzWQCWLIPN6Fty9yAg="></latexit><latexit sha1_base64="xHCeJPhABqzWQCWLIPN6Fty9yAg="></latexit><latexit sha1_base64="xHCeJPhABqzWQCWLIPN6Fty9yAg="></latexit><latexit sha1_base64="xHCeJPhABqzWQCWLIPN6Fty9yAg="></latexit>

Toeplitz matrix

e.g., pixel image

⇤<latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit>

x(l)
<latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit>

x(l+1)
<latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>

• Constrained linear layer
• Fewer parameters —> easier to learn, less overfitting



Conv layers can be applied to arbitrarily-sized inputs



⇤<latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit>

x(l)
<latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit>

x(l+1)
<latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>



⇤<latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit><latexit sha1_base64="OlYXa5TGZ2jG1EJYshioKcqCJPw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBZBPJREBD0WvXhswX5AG8pmO2nXbjZhdyOU0F/gxYMiXv1J3vw3btsctPXBwOO9GWbmBYng2rjut1NYW9/Y3Cpul3Z29/YPyodHLR2nimGTxSJWnYBqFFxi03AjsJMopFEgsB2M72Z++wmV5rF8MJME/YgOJQ85o8ZKjYt+ueJW3TnIKvFyUoEc9X75qzeIWRqhNExQrbuemxg/o8pwJnBa6qUaE8rGdIhdSyWNUPvZ/NApObPKgISxsiUNmau/JzIaaT2JAtsZUTPSy95M/M/rpia88TMuk9SgZItFYSqIicnsazLgCpkRE0soU9zeStiIKsqMzaZkQ/CWX14lrcuq51a9xlWldpvHUYQTOIVz8OAaanAPdWgCA4RneIU359F5cd6dj0VrwclnjuEPnM8fcAGMrg==</latexit>

x(l)
<latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit>

x(l+1)
<latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit>

=<latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit><latexit sha1_base64="DmNMk2YXYyTv+zN0rWXYwO/YuLg=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0ItQ9OKxBfsBbSib7aRdu9mE3Y1QQn+BFw+KePUnefPfuG1z0NYHA4/3ZpiZFySCa+O6305hbX1jc6u4XdrZ3ds/KB8etXScKoZNFotYdQKqUXCJTcONwE6ikEaBwHYwvpv57SdUmsfywUwS9CM6lDzkjBorNW765Ypbdecgq8TLSQVy1Pvlr94gZmmE0jBBte56bmL8jCrDmcBpqZdqTCgb0yF2LZU0Qu1n80On5MwqAxLGypY0ZK7+nshopPUkCmxnRM1IL3sz8T+vm5rw2s+4TFKDki0WhakgJiazr8mAK2RGTCyhTHF7K2EjqigzNpuSDcFbfnmVtC6qnlv1GpeV2m0eRxFO4BTOwYMrqME91KEJDBCe4RXenEfnxXl3PhatBSefOYY/cD5/AIzNjME=</latexit>



Five views on convolutional layers

1. Equivariant with translation (stationarity)


2. Patch processing (Markov assumption)


3. Image filter


4. Parameter sharing 


5. A way to process variable-sized tensors

f(translate(x)) = translate(f(x))
<latexit sha1_base64="KMnIvy+dQsz0iXf2ViJSQawgrQ0="></latexit><latexit sha1_base64="KMnIvy+dQsz0iXf2ViJSQawgrQ0="></latexit><latexit sha1_base64="KMnIvy+dQsz0iXf2ViJSQawgrQ0="></latexit><latexit sha1_base64="KMnIvy+dQsz0iXf2ViJSQawgrQ0="></latexit>

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

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

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

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

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

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



What if we have color?
(aka multiple input channels?)



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

Conv layer

Multiple channels

x(0)
<latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit>

x(1)
<latexit sha1_base64="/vmejF4SEjl1GoG5my2WR/IozSY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1tzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHzzTk2E=</latexit><latexit sha1_base64="/vmejF4SEjl1GoG5my2WR/IozSY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1tzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHzzTk2E=</latexit><latexit sha1_base64="/vmejF4SEjl1GoG5my2WR/IozSY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1tzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHzzTk2E=</latexit><latexit sha1_base64="/vmejF4SEjl1GoG5my2WR/IozSY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1tzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHzzTk2E=</latexit>

RN⇥C ! RN⇥1
<latexit sha1_base64="BQpYSY3K1PeyM825bth/tJyo7Jg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFNwUu3ElVewDmlgm02k7dPJg5kYpIR/jxl9x48IHLtz4LU7aLLTtgQuHc+7l3nu8SHAFlvVtFJaWV1bXiuuljc2t7R1zd6+pwlhS1qChCGXbI4oJHrAGcBCsHUlGfE+wljeqZX7rgUnFw+AOxhFzfTIIeJ9TAlrqmheOT2Doecltep9cYwe4zxSupdiRfDAEImX4iBf22GnXLFsVawI8T+yclFGOetf8cHohjX0WABVEqY5tReAmRAKngqUlJ1YsInREBqyjaUD0HjeZPJniI630cD+UugLAE/XvREJ8pca+pzuzc9Wsl4mLvE4M/XM34UEUAwvodFE/FhhCnCWGe1wyCmKsCaGS61sxHRJJKOhcSzoEe/bledI8qdhWxb45LVcv8ziK6AAdomNkozNURVeojhqIoif0gt7Qu/FsvBqfxte0tWDkM/voH4yfX2ZTpT4=</latexit><latexit sha1_base64="BQpYSY3K1PeyM825bth/tJyo7Jg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFNwUu3ElVewDmlgm02k7dPJg5kYpIR/jxl9x48IHLtz4LU7aLLTtgQuHc+7l3nu8SHAFlvVtFJaWV1bXiuuljc2t7R1zd6+pwlhS1qChCGXbI4oJHrAGcBCsHUlGfE+wljeqZX7rgUnFw+AOxhFzfTIIeJ9TAlrqmheOT2Doecltep9cYwe4zxSupdiRfDAEImX4iBf22GnXLFsVawI8T+yclFGOetf8cHohjX0WABVEqY5tReAmRAKngqUlJ1YsInREBqyjaUD0HjeZPJniI630cD+UugLAE/XvREJ8pca+pzuzc9Wsl4mLvE4M/XM34UEUAwvodFE/FhhCnCWGe1wyCmKsCaGS61sxHRJJKOhcSzoEe/bledI8qdhWxb45LVcv8ziK6AAdomNkozNURVeojhqIoif0gt7Qu/FsvBqfxte0tWDkM/voH4yfX2ZTpT4=</latexit><latexit sha1_base64="BQpYSY3K1PeyM825bth/tJyo7Jg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFNwUu3ElVewDmlgm02k7dPJg5kYpIR/jxl9x48IHLtz4LU7aLLTtgQuHc+7l3nu8SHAFlvVtFJaWV1bXiuuljc2t7R1zd6+pwlhS1qChCGXbI4oJHrAGcBCsHUlGfE+wljeqZX7rgUnFw+AOxhFzfTIIeJ9TAlrqmheOT2Doecltep9cYwe4zxSupdiRfDAEImX4iBf22GnXLFsVawI8T+yclFGOetf8cHohjX0WABVEqY5tReAmRAKngqUlJ1YsInREBqyjaUD0HjeZPJniI630cD+UugLAE/XvREJ8pca+pzuzc9Wsl4mLvE4M/XM34UEUAwvodFE/FhhCnCWGe1wyCmKsCaGS61sxHRJJKOhcSzoEe/bledI8qdhWxb45LVcv8ziK6AAdomNkozNURVeojhqIoif0gt7Qu/FsvBqfxte0tWDkM/voH4yfX2ZTpT4=</latexit><latexit sha1_base64="BQpYSY3K1PeyM825bth/tJyo7Jg=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VwVRIRFNwUu3ElVewDmlgm02k7dPJg5kYpIR/jxl9x48IHLtz4LU7aLLTtgQuHc+7l3nu8SHAFlvVtFJaWV1bXiuuljc2t7R1zd6+pwlhS1qChCGXbI4oJHrAGcBCsHUlGfE+wljeqZX7rgUnFw+AOxhFzfTIIeJ9TAlrqmheOT2Doecltep9cYwe4zxSupdiRfDAEImX4iBf22GnXLFsVawI8T+yclFGOetf8cHohjX0WABVEqY5tReAmRAKngqUlJ1YsInREBqyjaUD0HjeZPJniI630cD+UugLAE/XvREJ8pca+pzuzc9Wsl4mLvE4M/XM34UEUAwvodFE/FhhCnCWGe1wyCmKsCaGS61sxHRJJKOhcSzoEe/bledI8qdhWxb45LVcv8ziK6AAdomNkozNURVeojhqIoif0gt7Qu/FsvBqfxte0tWDkM/voH4yfX2ZTpT4=</latexit>



w2
<latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit><latexit sha1_base64="YBpbs9lJphDaXoUI3POfZtfYqK4=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclaQIuiy6cVnBPqApZTK9aYdOJmFmopTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJEsG1cd1vZ219Y3Nru7RT3t3bPzisHB23dZwqhi0Wi1h1A6pRcIktw43AbqKQRoHATjC5zf3OIyrNY/lgpgn2IzqSPOSMGiv5fkTNOAizp9mgPqhU3Zo7B1klXkGqUKA5qHz5w5ilEUrDBNW657mJ6WdUGc4Ezsp+qjGhbEJH2LNU0gh1P5tnnpFzqwxJGCv7pCFz9fdGRiOtp1FgJ/OMetnLxf+8XmrC637GZZIalGxxKEwFMTHJCyBDrpAZMbWEMsVtVsLGVFFmbE1lW4K3/OVV0q7XPLfm3V9WGzdFHSU4hTO4AA+uoAF30IQWMEjgGV7hzUmdF+fd+ViMrjnFzgn8gfP5AypdkcA=</latexit>

Conv layer

Multiple channels

x(0)
<latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit><latexit sha1_base64="s4Us6OiZrVbBKO6VJcOHzpIlrg0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1pzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHztNk2A=</latexit>

x(1)
<latexit sha1_base64="/vmejF4SEjl1GoG5my2WR/IozSY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1tzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHzzTk2E=</latexit><latexit sha1_base64="/vmejF4SEjl1GoG5my2WR/IozSY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1tzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHzzTk2E=</latexit><latexit sha1_base64="/vmejF4SEjl1GoG5my2WR/IozSY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1tzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHzzTk2E=</latexit><latexit sha1_base64="/vmejF4SEjl1GoG5my2WR/IozSY=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1tzzbGBXnbozB1olbkGqUKA5sL/6w4gkIRWacKxUz3Vi7aVYakY4zSr9RNEYkwke0Z6hAodUeek8eYbOjDJEQSTNExrN1d8bKQ6VmoW+mcxzqmUvF//zeokOrr2UiTjRVJDFoSDhSEcorwENmaRE85khmEhmsiIyxhITbcqqmBLc5S+vkvZF3XXq7v1ltXFT1FGGEziFGrhwBQ24gya0gMAUnuEV3qzUerHerY/FaMkqdo7hD6zPHzzTk2E=</latexit>

RN⇥C(0)

! RN⇥C(1)

<latexit sha1_base64="14tZpQiTqzP7Dza5N1wtTdH41To=">AAACMHicdVDLSgNBEJz1GeNr1aOXwSDES9gVQY/BHPQkUcwDskmYnUySIbMPZnqVsOwnefFT9KKgiFe/wtlkD5poQ0NRVU13lxsKrsCyXo2FxaXlldXcWn59Y3Nr29zZrasgkpTVaCAC2XSJYoL7rAYcBGuGkhHPFazhjiqp3rhjUvHAv4VxyNoeGfi8zykBTXXNC8cjMHTd+CbpxFfYAe4xhSuduGgdJQl2JB8MgUgZ3ON/nbZ2ds2CVbImheeBnYECyqraNZ+cXkAjj/lABVGqZVshtGMigVPBkrwTKRYSOiID1tLQJ3pbO548nOBDzfRwP5C6fcAT9udETDylxp6rnenRalZLyb+0VgT9s3bM/TAC5tPpon4kMAQ4TQ/3uGQUxFgDQiXXt2I6JJJQ0BnndQj27MvzoH5csq2SfX1SKJ9nceTQPjpARWSjU1RGl6iKaoiiB/SM3tC78Wi8GB/G59S6YGQze+hXGV/f6Hqpdw==</latexit><latexit sha1_base64="14tZpQiTqzP7Dza5N1wtTdH41To=">AAACMHicdVDLSgNBEJz1GeNr1aOXwSDES9gVQY/BHPQkUcwDskmYnUySIbMPZnqVsOwnefFT9KKgiFe/wtlkD5poQ0NRVU13lxsKrsCyXo2FxaXlldXcWn59Y3Nr29zZrasgkpTVaCAC2XSJYoL7rAYcBGuGkhHPFazhjiqp3rhjUvHAv4VxyNoeGfi8zykBTXXNC8cjMHTd+CbpxFfYAe4xhSuduGgdJQl2JB8MgUgZ3ON/nbZ2ds2CVbImheeBnYECyqraNZ+cXkAjj/lABVGqZVshtGMigVPBkrwTKRYSOiID1tLQJ3pbO548nOBDzfRwP5C6fcAT9udETDylxp6rnenRalZLyb+0VgT9s3bM/TAC5tPpon4kMAQ4TQ/3uGQUxFgDQiXXt2I6JJJQ0BnndQj27MvzoH5csq2SfX1SKJ9nceTQPjpARWSjU1RGl6iKaoiiB/SM3tC78Wi8GB/G59S6YGQze+hXGV/f6Hqpdw==</latexit><latexit sha1_base64="14tZpQiTqzP7Dza5N1wtTdH41To=">AAACMHicdVDLSgNBEJz1GeNr1aOXwSDES9gVQY/BHPQkUcwDskmYnUySIbMPZnqVsOwnefFT9KKgiFe/wtlkD5poQ0NRVU13lxsKrsCyXo2FxaXlldXcWn59Y3Nr29zZrasgkpTVaCAC2XSJYoL7rAYcBGuGkhHPFazhjiqp3rhjUvHAv4VxyNoeGfi8zykBTXXNC8cjMHTd+CbpxFfYAe4xhSuduGgdJQl2JB8MgUgZ3ON/nbZ2ds2CVbImheeBnYECyqraNZ+cXkAjj/lABVGqZVshtGMigVPBkrwTKRYSOiID1tLQJ3pbO548nOBDzfRwP5C6fcAT9udETDylxp6rnenRalZLyb+0VgT9s3bM/TAC5tPpon4kMAQ4TQ/3uGQUxFgDQiXXt2I6JJJQ0BnndQj27MvzoH5csq2SfX1SKJ9nceTQPjpARWSjU1RGl6iKaoiiB/SM3tC78Wi8GB/G59S6YGQze+hXGV/f6Hqpdw==</latexit><latexit sha1_base64="14tZpQiTqzP7Dza5N1wtTdH41To=">AAACMHicdVDLSgNBEJz1GeNr1aOXwSDES9gVQY/BHPQkUcwDskmYnUySIbMPZnqVsOwnefFT9KKgiFe/wtlkD5poQ0NRVU13lxsKrsCyXo2FxaXlldXcWn59Y3Nr29zZrasgkpTVaCAC2XSJYoL7rAYcBGuGkhHPFazhjiqp3rhjUvHAv4VxyNoeGfi8zykBTXXNC8cjMHTd+CbpxFfYAe4xhSuduGgdJQl2JB8MgUgZ3ON/nbZ2ds2CVbImheeBnYECyqraNZ+cXkAjj/lABVGqZVshtGMigVPBkrwTKRYSOiID1tLQJ3pbO548nOBDzfRwP5C6fcAT9udETDylxp6rnenRalZLyb+0VgT9s3bM/TAC5tPpon4kMAQ4TQ/3uGQUxFgDQiXXt2I6JJJQ0BnndQj27MvzoH5csq2SfX1SKJ9nceTQPjpARWSjU1RGl6iKaoiiB/SM3tC78Wi8GB/G59S6YGQze+hXGV/f6Hqpdw==</latexit>



Conv layer

Multiple channels

RN⇥C(l)

! RN⇥C(l+1)

<latexit sha1_base64="U5jSQsYgUy1sUMJHaTxvWgodPbs=">AAACMnicdVDLSgNBEJyNrxhfUY9eBoMQEcKuCHoM5qIXiWIekN2E2ckkGTL7YKZXCct+kxe/RPCgB0W8+hFOkj1oog0NRVU13V1uKLgC03wxMguLS8sr2dXc2vrG5lZ+e6eugkhSVqOBCGTTJYoJ7rMacBCsGUpGPFewhjusjPXGHZOKB/4tjELmeKTv8x6nBDTVyV/aHoGB68Y3STu+wjZwjylcacdFcZgk2Ja8PwAiZXCP/3ceWdrbyRfMkjkpPA+sFBRQWtVO/snuBjTymA9UEKValhmCExMJnAqW5OxIsZDQIemzloY+0fucePJygg8008W9QOr2AU/YnxMx8ZQaea52js9Ws9qY/EtrRdA7c2LuhxEwn04X9SKBIcDj/HCXS0ZBjDQgVHJ9K6YDIgkFnXJOh2DNvjwP6sclyyxZ1yeF8nkaRxbtoX1URBY6RWV0gaqohih6QM/oDb0bj8ar8WF8Tq0ZI53ZRb/K+PoGsrSqXg==</latexit><latexit sha1_base64="U5jSQsYgUy1sUMJHaTxvWgodPbs=">AAACMnicdVDLSgNBEJyNrxhfUY9eBoMQEcKuCHoM5qIXiWIekN2E2ckkGTL7YKZXCct+kxe/RPCgB0W8+hFOkj1oog0NRVU13V1uKLgC03wxMguLS8sr2dXc2vrG5lZ+e6eugkhSVqOBCGTTJYoJ7rMacBCsGUpGPFewhjusjPXGHZOKB/4tjELmeKTv8x6nBDTVyV/aHoGB68Y3STu+wjZwjylcacdFcZgk2Ja8PwAiZXCP/3ceWdrbyRfMkjkpPA+sFBRQWtVO/snuBjTymA9UEKValhmCExMJnAqW5OxIsZDQIemzloY+0fucePJygg8008W9QOr2AU/YnxMx8ZQaea52js9Ws9qY/EtrRdA7c2LuhxEwn04X9SKBIcDj/HCXS0ZBjDQgVHJ9K6YDIgkFnXJOh2DNvjwP6sclyyxZ1yeF8nkaRxbtoX1URBY6RWV0gaqohih6QM/oDb0bj8ar8WF8Tq0ZI53ZRb/K+PoGsrSqXg==</latexit><latexit sha1_base64="U5jSQsYgUy1sUMJHaTxvWgodPbs=">AAACMnicdVDLSgNBEJyNrxhfUY9eBoMQEcKuCHoM5qIXiWIekN2E2ckkGTL7YKZXCct+kxe/RPCgB0W8+hFOkj1oog0NRVU13V1uKLgC03wxMguLS8sr2dXc2vrG5lZ+e6eugkhSVqOBCGTTJYoJ7rMacBCsGUpGPFewhjusjPXGHZOKB/4tjELmeKTv8x6nBDTVyV/aHoGB68Y3STu+wjZwjylcacdFcZgk2Ja8PwAiZXCP/3ceWdrbyRfMkjkpPA+sFBRQWtVO/snuBjTymA9UEKValhmCExMJnAqW5OxIsZDQIemzloY+0fucePJygg8008W9QOr2AU/YnxMx8ZQaea52js9Ws9qY/EtrRdA7c2LuhxEwn04X9SKBIcDj/HCXS0ZBjDQgVHJ9K6YDIgkFnXJOh2DNvjwP6sclyyxZ1yeF8nkaRxbtoX1URBY6RWV0gaqohih6QM/oDb0bj8ar8WF8Tq0ZI53ZRb/K+PoGsrSqXg==</latexit><latexit sha1_base64="U5jSQsYgUy1sUMJHaTxvWgodPbs=">AAACMnicdVDLSgNBEJyNrxhfUY9eBoMQEcKuCHoM5qIXiWIekN2E2ckkGTL7YKZXCct+kxe/RPCgB0W8+hFOkj1oog0NRVU13V1uKLgC03wxMguLS8sr2dXc2vrG5lZ+e6eugkhSVqOBCGTTJYoJ7rMacBCsGUpGPFewhjusjPXGHZOKB/4tjELmeKTv8x6nBDTVyV/aHoGB68Y3STu+wjZwjylcacdFcZgk2Ja8PwAiZXCP/3ceWdrbyRfMkjkpPA+sFBRQWtVO/snuBjTymA9UEKValhmCExMJnAqW5OxIsZDQIemzloY+0fucePJygg8008W9QOr2AU/YnxMx8ZQaea52js9Ws9qY/EtrRdA7c2LuhxEwn04X9SKBIcDj/HCXS0ZBjDQgVHJ9K6YDIgkFnXJOh2DNvjwP6sclyyxZ1yeF8nkaRxbtoX1URBY6RWV0gaqohih6QM/oDb0bj8ar8WF8Tq0ZI53ZRb/K+PoGsrSqXg==</latexit>

x(l)
<latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit>

x(l+1)
<latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit>

… …
W1

<latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit><latexit sha1_base64="ULVvVePFmvgO9Tgbb0e+uacsitA=">AAAB83icbVDLSsNAFL3xWeur6tLNYBFclUQEXRbduKxgH9CEMplO2qGTSZi5EUrob7hxoYhbf8adf+OkzUJbDwwczrmXe+aEqRQGXffbWVvf2NzaruxUd/f2Dw5rR8cdk2Sa8TZLZKJ7ITVcCsXbKFDyXqo5jUPJu+HkrvC7T1wbkahHnKY8iOlIiUgwilby/ZjiOIzy7mzgDWp1t+HOQVaJV5I6lGgNal/+MGFZzBUySY3pe26KQU41Cib5rOpnhqeUTeiI9y1VNOYmyOeZZ+TcKkMSJdo+hWSu/t7IaWzMNA7tZJHRLHuF+J/XzzC6CXKh0gy5YotDUSYJJqQogAyF5gzl1BLKtLBZCRtTTRnamqq2BG/5y6ukc9nw3Ib3cFVv3pZ1VOAUzuACPLiGJtxDC9rAIIVneIU3J3NenHfnYzG65pQ7J/AHzucP9+qRnw==</latexit>

WC(l+1)
<latexit sha1_base64="DMDLPDEFk0iwBx82bY9ansTfzEA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2ARKkJJRNBlsRuXFewD2hgm00k7dDIJMxOhxCz8FTcuFHHrb7jzb5y0WWj1wMDhnHu5Z44fMyqVbX8ZpaXlldW18nplY3Nre8fc3evIKBGYtHHEItHzkSSMctJWVDHSiwVBoc9I1580c797T4SkEb9V05i4IRpxGlCMlJY882AQIjX2g7SbeWnzLq2xU+ckyzyzatftGay/xClIFQq0PPNzMIxwEhKuMENS9h07Vm6KhKKYkawySCSJEZ6gEelrylFIpJvO8mfWsVaGVhAJ/biyZurPjRSFUk5DX0/maeWil4v/ef1EBZduSnmcKMLx/FCQMEtFVl6GNaSCYMWmmiAsqM5q4TESCCtdWUWX4Cx++S/pnNUdu+7cnFcbV0UdZTiEI6iBAxfQgGtoQRswPMATvMCr8Wg8G2/G+3y0ZBQ7+/ALxsc3ZdqVrQ==</latexit><latexit sha1_base64="DMDLPDEFk0iwBx82bY9ansTfzEA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2ARKkJJRNBlsRuXFewD2hgm00k7dDIJMxOhxCz8FTcuFHHrb7jzb5y0WWj1wMDhnHu5Z44fMyqVbX8ZpaXlldW18nplY3Nre8fc3evIKBGYtHHEItHzkSSMctJWVDHSiwVBoc9I1580c797T4SkEb9V05i4IRpxGlCMlJY882AQIjX2g7SbeWnzLq2xU+ckyzyzatftGay/xClIFQq0PPNzMIxwEhKuMENS9h07Vm6KhKKYkawySCSJEZ6gEelrylFIpJvO8mfWsVaGVhAJ/biyZurPjRSFUk5DX0/maeWil4v/ef1EBZduSnmcKMLx/FCQMEtFVl6GNaSCYMWmmiAsqM5q4TESCCtdWUWX4Cx++S/pnNUdu+7cnFcbV0UdZTiEI6iBAxfQgGtoQRswPMATvMCr8Wg8G2/G+3y0ZBQ7+/ALxsc3ZdqVrQ==</latexit><latexit sha1_base64="DMDLPDEFk0iwBx82bY9ansTfzEA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2ARKkJJRNBlsRuXFewD2hgm00k7dDIJMxOhxCz8FTcuFHHrb7jzb5y0WWj1wMDhnHu5Z44fMyqVbX8ZpaXlldW18nplY3Nre8fc3evIKBGYtHHEItHzkSSMctJWVDHSiwVBoc9I1580c797T4SkEb9V05i4IRpxGlCMlJY882AQIjX2g7SbeWnzLq2xU+ckyzyzatftGay/xClIFQq0PPNzMIxwEhKuMENS9h07Vm6KhKKYkawySCSJEZ6gEelrylFIpJvO8mfWsVaGVhAJ/biyZurPjRSFUk5DX0/maeWil4v/ef1EBZduSnmcKMLx/FCQMEtFVl6GNaSCYMWmmiAsqM5q4TESCCtdWUWX4Cx++S/pnNUdu+7cnFcbV0UdZTiEI6iBAxfQgGtoQRswPMATvMCr8Wg8G2/G+3y0ZBQ7+/ALxsc3ZdqVrQ==</latexit><latexit sha1_base64="DMDLPDEFk0iwBx82bY9ansTfzEA=">AAAB/3icbVDLSsNAFL2pr1pfUcGNm2ARKkJJRNBlsRuXFewD2hgm00k7dDIJMxOhxCz8FTcuFHHrb7jzb5y0WWj1wMDhnHu5Z44fMyqVbX8ZpaXlldW18nplY3Nre8fc3evIKBGYtHHEItHzkSSMctJWVDHSiwVBoc9I1580c797T4SkEb9V05i4IRpxGlCMlJY882AQIjX2g7SbeWnzLq2xU+ckyzyzatftGay/xClIFQq0PPNzMIxwEhKuMENS9h07Vm6KhKKYkawySCSJEZ6gEelrylFIpJvO8mfWsVaGVhAJ/biyZurPjRSFUk5DX0/maeWil4v/ef1EBZduSnmcKMLx/FCQMEtFVl6GNaSCYMWmmiAsqM5q4TESCCtdWUWX4Cx++S/pnNUdu+7cnFcbV0UdZTiEI6iBAxfQgGtoQRswPMATvMCr8Wg8G2/G+3y0ZBQ7+/ALxsc3ZdqVrQ==</latexit>

…



Multiple channels: Example
x(l)

<latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit> x(l+1)
<latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit>

…

…

Filter Bank with 
3x3 filters

128

128

3 96

128

128

How many parameters does each filter have?


(a) 9       (b) 27     (c) 96     (d) 864



Multiple channels: Example
x(l)

<latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit><latexit sha1_base64="+sUTn7TxuTwOA++YRWa7e8G6+1o=">AAAB+XicbVDLSsNAFL2pr1pfUZduBotQNyURQZdFNy4r2Ae0sUymk3boZBJmJsUS8iduXCji1j9x5984abPQ1gMDh3Pu5Z45fsyZ0o7zbZXW1jc2t8rblZ3dvf0D+/CoraJEEtoiEY9k18eKciZoSzPNaTeWFIc+px1/cpv7nSmVikXiQc9i6oV4JFjACNZGGth2P8R67AfpU/aY1vh5NrCrTt2ZA60StyBVKNAc2F/9YUSSkApNOFaq5zqx9lIsNSOcZpV+omiMyQSPaM9QgUOqvHSePENnRhmiIJLmCY3m6u+NFIdKzULfTOY51bKXi/95vUQH117KRJxoKsjiUJBwpCOU14CGTFKi+cwQTCQzWREZY4mJNmVVTAnu8pdXSfui7jp19/6y2rgp6ijDCZxCDVy4ggbcQRNaQGAKz/AKb1ZqvVjv1sditGQVO8fwB9bnD5a1k5w=</latexit> x(l+1)
<latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit><latexit sha1_base64="mU8KseuOwMflhaEfhBb2a/JZhAw=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBahIpREBF0W3bisYB/Q1jKZTtqhk0mYmUhLyK+4caGIW3/EnX/jpM1CWw8MHM65l3vmeBFnSjvOt1VYW9/Y3Cpul3Z29/YP7MNyS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve5Dbz209UKhaKBz2LaD/AI8F8RrA20sAu9wKsx56fTNPHpMrP3bN0YFecmjMHWiVuTiqQozGwv3rDkMQBFZpwrFTXdSLdT7DUjHCalnqxohEmEzyiXUMFDqjqJ/PsKTo1yhD5oTRPaDRXf28kOFBqFnhmMkuqlr1M/M/rxtq/7idMRLGmgiwO+TFHOkRZEWjIJCWazwzBRDKTFZExlphoU1fJlOAuf3mVtC5qrlNz7y8r9Zu8jiIcwwlUwYUrqMMdNKAJBKbwDK/wZqXWi/VufSxGC1a+cwR/YH3+AHixlAw=</latexit>

…

…

Filter Bank with 
3x3 filters

128

128

3 96

128

128

How many filters are in the bank?


(a) 3       (b) 27     (c) 96     (d) can’t say



Filter sizes
When mapping from

 
 
using an filter of spatial extent  
 
 
Number of parameters per filter:

Number of filters:

x(l) ∈ ℝH×W×C(l) → x(l+1) ∈ ℝH×W×C(l+1)

M × N

M × N × C(l)

C(l+1)



[Figure from Andrea Vedaldi]

Input features A bank of 2 filters
2-dimensional 
output features

RH⇥W⇥C
(l)

! RH⇥W⇥C
(l+1)
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“Indoor booth”Classifier

Image classification

image x label y



“Indoor booth”Classifier

Image classification

image x label y

Conv ReLU Conv ReLU Conv ReLU



Multiscale representations are great!

Gaussian Pyr Laplacian Pyr

How can we use multi-scale modeling in Convnets?
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x
<latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></latexit><latexit sha1_base64="qs7zOlksqv4NNZKed59cy1KO4ZM="></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>

zk = max
j2N (j)

g(yj)

Max pooling

⌃
<latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit><latexit sha1_base64="xl6gt5zesTVLaQIKxfcD+hK+ntk=">AAAB7XicbVDLSgNBEOyNrxhfUY9eBoPgKeyKEI9BLx4jmgckS5idzCZj5rHMzAphyT948aCIV//Hm3/jJNmDJhY0FFXddHdFCWfG+v63V1hb39jcKm6Xdnb39g/Kh0cto1JNaJMornQnwoZyJmnTMstpJ9EUi4jTdjS+mfntJ6oNU/LBThIaCjyULGYEWye1evdsKHC/XPGr/hxolQQ5qUCORr/81RsokgoqLeHYmG7gJzbMsLaMcDot9VJDE0zGeEi7jkosqAmz+bVTdOaUAYqVdiUtmqu/JzIsjJmIyHUKbEdm2ZuJ/3nd1MZXYcZkkloqyWJRnHJkFZq9jgZMU2L5xBFMNHO3IjLCGhPrAiq5EILll1dJ66Ia+NXg7rJSv87jKMIJnMI5BFCDOtxCA5pA4BGe4RXePOW9eO/ex6K14OUzx/AH3ucPa1+PAw==</latexit>

zk =
1

|N |
X

j2N (j)

g(yj)

<latexit sha1_base64="s8saY3SvX3hrMaUhfq7cKJlIcWA="></latexit><latexit sha1_base64="s8saY3SvX3hrMaUhfq7cKJlIcWA="></latexit><latexit sha1_base64="s8saY3SvX3hrMaUhfq7cKJlIcWA="></latexit><latexit sha1_base64="s8saY3SvX3hrMaUhfq7cKJlIcWA="></latexit>

Mean pooling



Pooling — Why?

Pooling across spatial locations achieves 
stability w.r.t. small translations:

max
<latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit>



Pooling — Why?

Pooling across spatial locations achieves 
stability w.r.t. small translations:

max
<latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit>

large response 
regardless of exact 
position of edge



Pooling — Why?

Pooling across spatial locations achieves 
stability w.r.t. small translations:

max
<latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit><latexit sha1_base64="G0eeYlee7Da1/FD5rsHUWh/uEE4=">AAAB63icbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMegF48RzAOSJcxOZpMh81hmZsWw5Be8eFDEqz/kzb9xNtmDJhY0FFXddHdFCWfG+v63V1pb39jcKm9Xdnb39g+qh0dto1JNaIsornQ3woZyJmnLMstpN9EUi4jTTjS5zf3OI9WGKflgpwkNBR5JFjOCbS71BX4aVGt+3Z8DrZKgIDUo0BxUv/pDRVJBpSUcG9ML/MSGGdaWEU5nlX5qaILJBI9oz1GJBTVhNr91hs6cMkSx0q6kRXP190SGhTFTEblOge3YLHu5+J/XS218HWZMJqmlkiwWxSlHVqH8cTRkmhLLp45gopm7FZEx1phYF0/FhRAsv7xK2hf1wK8H95e1xk0RRxlO4BTOIYAraMAdNKEFBMbwDK/w5gnvxXv3PhatJa+YOYY/8D5/ABsPjkQ=</latexit>



⇡<latexit sha1_base64="1q/1tZx1S5Cts5qr+pV12vBHIps=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9ol5JNs21oNglJVixLf4QXD4p49fd489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUw1oS0iudTdCBvKmaAtyyynXaUpTiJOO9HkNvc7j1QbJsWDnSoaJngkWMwItk7q9LFSWj4NqjW/7s+BVklQkBoUaA6qX/2hJGlChSUcG9MLfGXDDGvLCKezSj81VGEywSPac1TghJowm587Q2dOGaJYalfCorn6eyLDiTHTJHKdCbZjs+zl4n9eL7XxdZgxoVJLBVksilOOrET572jINCWWTx3BRDN3KyJjrDGxLqGKCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILCEzgGV7hzVPei/fufSxaS14xcwx/4H3+AJNij7Y=</latexit><latexit sha1_base64="1q/1tZx1S5Cts5qr+pV12vBHIps=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9ol5JNs21oNglJVixLf4QXD4p49fd489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUw1oS0iudTdCBvKmaAtyyynXaUpTiJOO9HkNvc7j1QbJsWDnSoaJngkWMwItk7q9LFSWj4NqjW/7s+BVklQkBoUaA6qX/2hJGlChSUcG9MLfGXDDGvLCKezSj81VGEywSPac1TghJowm587Q2dOGaJYalfCorn6eyLDiTHTJHKdCbZjs+zl4n9eL7XxdZgxoVJLBVksilOOrET572jINCWWTx3BRDN3KyJjrDGxLqGKCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILCEzgGV7hzVPei/fufSxaS14xcwx/4H3+AJNij7Y=</latexit><latexit sha1_base64="1q/1tZx1S5Cts5qr+pV12vBHIps=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9ol5JNs21oNglJVixLf4QXD4p49fd489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUw1oS0iudTdCBvKmaAtyyynXaUpTiJOO9HkNvc7j1QbJsWDnSoaJngkWMwItk7q9LFSWj4NqjW/7s+BVklQkBoUaA6qX/2hJGlChSUcG9MLfGXDDGvLCKezSj81VGEywSPac1TghJowm587Q2dOGaJYalfCorn6eyLDiTHTJHKdCbZjs+zl4n9eL7XxdZgxoVJLBVksilOOrET572jINCWWTx3BRDN3KyJjrDGxLqGKCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILCEzgGV7hzVPei/fufSxaS14xcwx/4H3+AJNij7Y=</latexit><latexit sha1_base64="1q/1tZx1S5Cts5qr+pV12vBHIps=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY9FLx4r2A9ol5JNs21oNglJVixLf4QXD4p49fd489+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61jUw1oS0iudTdCBvKmaAtyyynXaUpTiJOO9HkNvc7j1QbJsWDnSoaJngkWMwItk7q9LFSWj4NqjW/7s+BVklQkBoUaA6qX/2hJGlChSUcG9MLfGXDDGvLCKezSj81VGEywSPac1TghJowm587Q2dOGaJYalfCorn6eyLDiTHTJHKdCbZjs+zl4n9eL7XxdZgxoVJLBVksilOOrET572jINCWWTx3BRDN3KyJjrDGxLqGKCyFYfnmVtC/qgV8P7i9rjZsijjKcwCmcQwBX0IA7aEILCEzgGV7hzVPei/fufSxaS14xcwx/4H3+AJNij7Y=</latexit>

[“Unreasonable effectiveness of Deep Features as a Perceptual Metric”, Zhang et al. 2018]

CNNs are stable w.r.t. diffeomorphisms



Pooling — Why?
Pooling across feature channels (filter outputs) 
can achieve other kinds of invariances:

large 
response for 

any edge, 
regardless of 
its orientation

[Derived from slide by Andrea Vedaldi]



“Indoor booth”
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f(x) = fL(. . . f2(f1(x)))

Computation in a neural net



Downsampling

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

z

Filter Pool

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>

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>

and downsample



Downsampling

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

z

Filter Downsample

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>

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>

RH
(l)⇥W

(l)⇥C
(l)

! RH
(l+1)⇥W

(l+1)⇥C
(l+1)

<latexit sha1_base64="ow9J5LgQe3qVeht/35IDkQ/P448="></latexit><latexit sha1_base64="ow9J5LgQe3qVeht/35IDkQ/P448="></latexit><latexit sha1_base64="ow9J5LgQe3qVeht/35IDkQ/P448="></latexit><latexit sha1_base64="ow9J5LgQe3qVeht/35IDkQ/P448="></latexit>



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

Conv layer

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>

g(y)

Strided operations

Stride 2 Strided operations combine a 
given operation (convolution or 
pooling) and downsampling into 
a single operation.
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Computation in a neural net

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



Receptive fields



Receptive fields
3x1 Filter Pool and 

downsample by 2

RF = RF + floor(3/2)*2

kernel size

RF = RF*2

scale factor

Pool and 
downsample by 2

RF = RF*2

Bird

Sky

Sky

Sky



[http://fomoro.com/tools/receptive-fields/index.html]



Some networks
… and what makes them work





2012: AlexNet 
5 conv. layers

Error: 16.4%

[Krizhevsky et al: ImageNet Classification with Deep Convolutional Neural Networks, NIPS 2012]



Alexnet — [Krizhevsky et al. NIPS 2012]
[227x227x3] INPUT

[55x55x96] CONV1: 96 11x11 filters at stride 4, pad 0  
[27x27x96] MAX POOL1: 3x3 filters at stride 2  
[27x27x96] NORM1: Normalization layer

[27x27x256] CONV2: 256 5x5 filters at stride 1, pad 2 
[13x13x256] MAX POOL2: 3x3 filters at stride 2  
[13x13x256] NORM2: Normalization layer 

[13x13x384] CONV3: 384 3x3 filters at stride 1, pad 1 

[13x13x384] CONV4: 384 3x3 filters at stride 1, pad 1 

[13x13x256] CONV5: 256 3x3 filters at stride 1, pad 1  
[6x6x256] MAX POOL3: 3x3 filters at stride 2

[4096] FC6: 4096 neurons

[4096] FC7: 4096 neurons

[1000] FC8: 1000 neurons (class scores)



What filters are learned?



A B

C D

What filters are learned?



Get to know your units

fx

fy

11x11 convolution kernel

(3 color channels)
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Get to know your units

fx
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Get to know your units

96 Units in conv1



[Slide from Andrea Vedaldi]



Units at Higher Layers

Zeiler and Fergus, ECCV’14





2014: VGG 
16 conv. layers

Error: 7.3%

[Simonyan & Zisserman: Very Deep Convolutional Networks 
for Large-Scale Image Recognition, ICLR 2015]



VGG-Net [Simonyan & Zisserman, 2015]

Main developments 

• Small convolutional kernels: only 3x3 
 
 
 

• Increased depth (5 -> 16/19 layers)

2014: VGG 
16 conv. layers

Error: 7.3%



Chaining convolutions

144

3x3

25 coefficients, but only 
18 degrees of freedom

3x3

=

5x5

=

9 coefficients, but only 
6 degrees of freedom. 
Only separable filters… would this be enough?





[He et al: Deep Residual Learning for Image Recognition, CVPR 2016]

2016: ResNet 
>100 conv. layers

Error: 3.6%



ResNet [He et al, 2016]

Main developments 

• Increased depth possible 
through residual blocks

2016: ResNet 
>100 conv. layers

Error: 3.6%



Residual Blocks



Residual Blocks

Why do they work? 

•Gradients can propagate faster 
(via the identity mapping) 

• Within each block, only small 
residuals have to be learned


