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SIGGRAPH	Asia	Course	CreativeAI:	Deep	Learning	for	Graphics

Timetable
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Niloy Paul Nils

Introduction 				2:15	pm X X X

Machine	Learning	Basics ∼	2:25	pm X

Neural	Network	Basics ∼	2:55	pm X

Feature	Visualization ∼	3:25	pm X

Alternatives	to	Direct	Supervision ∼	3:35	pm X

15	min.	break

Image	Domains 				4:15	pm X

3D	Domains ∼	4:45	pm X

Motion	and	Physics ∼	5:15	pm X

Discussion ∼	5:45	pm X X X
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Code Examples
PCA/SVD basis  
Linear Regression  
Polynomial Regression 
Stochastic Gradient Descent vs. Gradient Descent 
Multi-layer Perceptron  
Edge Filter ‘Network’  
Convolutional Network  
Filter Visualization  
Weight Initialization Strategies  
Colorization Network  
Autoencoder  
Variational Autoencoder  
Generative Adversarial Network
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• Provide	an	overview	of	the	popular	ML	algorithms	used	in	CG  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• Provide	an	overview	of	the	popular	ML	algorithms	used	in	CG  

• Provide	a	quick	overview	of	theory	and	CG	applications	
• Many	extra	slides	in	the	course	notes	+	example	code 

• Progress	in	the	last	3-5	years	has	been	dramatic	

• We	have	organized	them	to	help	newcomers	

• Discuss	the	main	challenges	and	opportunities	specific	to	CG

Course	Objectives
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Two-way	Communication

• Our	aim	is	to	convey	what	we	found	to	be	relevant	so	far 

• You	are	invited/encouraged	to	give	feedback
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Two-way	Communication

• Our	aim	is	to	convey	what	we	found	to	be	relevant	so	far 

• You	are	invited/encouraged	to	give	feedback
• Speakup.	Please	send	us	your	criticism/comments/suggestions
• Ask	questions,	please! 

• Thanks	to	many	people	who	helped	so	far	with	slides/comments
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Representations	in	CG
• Images	(e.g.,	pixel	grid)  

• Volume	(e.g.,	voxel	grid)  

• Meshes	(e.g.,	vertices/edges/faces) 

• Animation	(e.g.,	skeletal	positions	over	time;	cloth	dynamics	over	time) 

• Pointclouds	(e.g.,	point	arrays)  

• Physics	simulations	(e.g.,	fluid	flow	over	space/time,	object-body	interaction)
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• Feature	detection	(image	features,	point	features) 

• Denoising,	Smoothing,	etc.	  

• Embedding,	Distance	computation  

• Rendering  

• Animation  

• Physical	simulation  

• Generative	models

Problems	in	Computer	Graphics
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Rm⇥m ! Z
<latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit>

Rm⇥m ! Rm⇥m
<latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit>

R3m⇥t ! R3m
<latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit>



• Feature	detection	(image	features,	point	features) 

• Denoising,	Smoothing,	etc.	  

• Embedding,	Distance	computation  

• Rendering  

• Animation  

• Physical	simulation  

• Generative	models

Problems	in	Computer	Graphics

�8

Rm⇥m ! Rm⇥m
<latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit>

Rm⇥m,m⇥m ! Rd
<latexit sha1_base64="TlwDumR9zFKxH+OR0YjhRMYkZhA=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwIWVGBF0W3bisYh/QaUsmTdvQZGZI7ihlmN9x46+4UVDUrT9ipi1UWw8EDufcQ+49fiS4Bsf5tHJLyyura/l1e2Nza3unsLtX02GsKKvSUISq4RPNBA9YFTgI1ogUI9IXrO4PrzK/fs+U5mFwB6OItSTpB7zHKQEjdQplTxIY+H5ym7YTiT3gkmksT/CMp9hTvD8AolT4gO1ZALeTbtopFJ2SMwZeJO6UFNEUlU7h1euGNJYsACqI1k3XiaCVEAWcCpbaXqxZROiQ9FnT0ICYJVrJ+NIUHxmli3uhMi8APFZ/JxIitR5J30xma+p5LxP/85ox9C5aCQ+iGFhAJx/1YoEhxFltuMsVoyBGhhCquNkV0wFRhIIp1zYluPMnL5Laacl1Su7NWbF8Oa0jjw7QITpGLjpHZXSNKqiKKHpEz+gNvVtP1ov1YX1NRnPWNLOP/sD6/gHEXabu</latexit><latexit sha1_base64="TlwDumR9zFKxH+OR0YjhRMYkZhA=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwIWVGBF0W3bisYh/QaUsmTdvQZGZI7ihlmN9x46+4UVDUrT9ipi1UWw8EDufcQ+49fiS4Bsf5tHJLyyura/l1e2Nza3unsLtX02GsKKvSUISq4RPNBA9YFTgI1ogUI9IXrO4PrzK/fs+U5mFwB6OItSTpB7zHKQEjdQplTxIY+H5ym7YTiT3gkmksT/CMp9hTvD8AolT4gO1ZALeTbtopFJ2SMwZeJO6UFNEUlU7h1euGNJYsACqI1k3XiaCVEAWcCpbaXqxZROiQ9FnT0ICYJVrJ+NIUHxmli3uhMi8APFZ/JxIitR5J30xma+p5LxP/85ox9C5aCQ+iGFhAJx/1YoEhxFltuMsVoyBGhhCquNkV0wFRhIIp1zYluPMnL5Laacl1Su7NWbF8Oa0jjw7QITpGLjpHZXSNKqiKKHpEz+gNvVtP1ov1YX1NRnPWNLOP/sD6/gHEXabu</latexit><latexit sha1_base64="TlwDumR9zFKxH+OR0YjhRMYkZhA=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwIWVGBF0W3bisYh/QaUsmTdvQZGZI7ihlmN9x46+4UVDUrT9ipi1UWw8EDufcQ+49fiS4Bsf5tHJLyyura/l1e2Nza3unsLtX02GsKKvSUISq4RPNBA9YFTgI1ogUI9IXrO4PrzK/fs+U5mFwB6OItSTpB7zHKQEjdQplTxIY+H5ym7YTiT3gkmksT/CMp9hTvD8AolT4gO1ZALeTbtopFJ2SMwZeJO6UFNEUlU7h1euGNJYsACqI1k3XiaCVEAWcCpbaXqxZROiQ9FnT0ICYJVrJ+NIUHxmli3uhMi8APFZ/JxIitR5J30xma+p5LxP/85ox9C5aCQ+iGFhAJx/1YoEhxFltuMsVoyBGhhCquNkV0wFRhIIp1zYluPMnL5Laacl1Su7NWbF8Oa0jjw7QITpGLjpHZXSNKqiKKHpEz+gNvVtP1ov1YX1NRnPWNLOP/sD6/gHEXabu</latexit><latexit sha1_base64="TlwDumR9zFKxH+OR0YjhRMYkZhA=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwIWVGBF0W3bisYh/QaUsmTdvQZGZI7ihlmN9x46+4UVDUrT9ipi1UWw8EDufcQ+49fiS4Bsf5tHJLyyura/l1e2Nza3unsLtX02GsKKvSUISq4RPNBA9YFTgI1ogUI9IXrO4PrzK/fs+U5mFwB6OItSTpB7zHKQEjdQplTxIY+H5ym7YTiT3gkmksT/CMp9hTvD8AolT4gO1ZALeTbtopFJ2SMwZeJO6UFNEUlU7h1euGNJYsACqI1k3XiaCVEAWcCpbaXqxZROiQ9FnT0ICYJVrJ+NIUHxmli3uhMi8APFZ/JxIitR5J30xma+p5LxP/85ox9C5aCQ+iGFhAJx/1YoEhxFltuMsVoyBGhhCquNkV0wFRhIIp1zYluPMnL5Laacl1Su7NWbF8Oa0jjw7QITpGLjpHZXSNKqiKKHpEz+gNvVtP1ov1YX1NRnPWNLOP/sD6/gHEXabu</latexit>

R3m⇥t ! R3m
<latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit>

Rd ! Rm⇥m
<latexit sha1_base64="m3ZTaJFLzv/aqaujFlvbUIK8qa8=">AAACHXicbVBNS8NAEN3Urxq/oh69LBbBU0lE0GPRi8cq9gOatmy223bpbhJ2J0oJ+SNe/CtePCjiwYv4b9y2AbX1wcDjvRlm5gWx4Bpc98sqLC2vrK4V1+2Nza3tHWd3r66jRFFWo5GIVDMgmgkeshpwEKwZK0ZkIFgjGF1O/MYdU5pH4S2MY9aWZBDyPqcEjNR1Tn1JYBgE6U3WSXsZ9hUfDIEoFd1j+8fDnVRiH7hkGsus65TcsjsFXiReTkooR7XrfPi9iCaShUAF0brluTG0U6KAU8Ey2080iwkdkQFrGRoSs6edTr/L8JFRergfKVMh4Kn6eyIlUuuxDEzn5F49703E/7xWAv3zdsrDOAEW0tmifiIwRHgSFe5xxSiIsSGEKm5uxXRIFKFgArVNCN78y4ukflL23LJ3fVqqXORxFNEBOkTHyENnqIKuUBXVEEUP6Am9oFfr0Xq23qz3WWvBymf20R9Yn98zp6KS</latexit><latexit sha1_base64="m3ZTaJFLzv/aqaujFlvbUIK8qa8=">AAACHXicbVBNS8NAEN3Urxq/oh69LBbBU0lE0GPRi8cq9gOatmy223bpbhJ2J0oJ+SNe/CtePCjiwYv4b9y2AbX1wcDjvRlm5gWx4Bpc98sqLC2vrK4V1+2Nza3tHWd3r66jRFFWo5GIVDMgmgkeshpwEKwZK0ZkIFgjGF1O/MYdU5pH4S2MY9aWZBDyPqcEjNR1Tn1JYBgE6U3WSXsZ9hUfDIEoFd1j+8fDnVRiH7hkGsus65TcsjsFXiReTkooR7XrfPi9iCaShUAF0brluTG0U6KAU8Ey2080iwkdkQFrGRoSs6edTr/L8JFRergfKVMh4Kn6eyIlUuuxDEzn5F49703E/7xWAv3zdsrDOAEW0tmifiIwRHgSFe5xxSiIsSGEKm5uxXRIFKFgArVNCN78y4ukflL23LJ3fVqqXORxFNEBOkTHyENnqIKuUBXVEEUP6Am9oFfr0Xq23qz3WWvBymf20R9Yn98zp6KS</latexit><latexit sha1_base64="m3ZTaJFLzv/aqaujFlvbUIK8qa8=">AAACHXicbVBNS8NAEN3Urxq/oh69LBbBU0lE0GPRi8cq9gOatmy223bpbhJ2J0oJ+SNe/CtePCjiwYv4b9y2AbX1wcDjvRlm5gWx4Bpc98sqLC2vrK4V1+2Nza3tHWd3r66jRFFWo5GIVDMgmgkeshpwEKwZK0ZkIFgjGF1O/MYdU5pH4S2MY9aWZBDyPqcEjNR1Tn1JYBgE6U3WSXsZ9hUfDIEoFd1j+8fDnVRiH7hkGsus65TcsjsFXiReTkooR7XrfPi9iCaShUAF0brluTG0U6KAU8Ey2080iwkdkQFrGRoSs6edTr/L8JFRergfKVMh4Kn6eyIlUuuxDEzn5F49703E/7xWAv3zdsrDOAEW0tmifiIwRHgSFe5xxSiIsSGEKm5uxXRIFKFgArVNCN78y4ukflL23LJ3fVqqXORxFNEBOkTHyENnqIKuUBXVEEUP6Am9oFfr0Xq23qz3WWvBymf20R9Yn98zp6KS</latexit><latexit sha1_base64="m3ZTaJFLzv/aqaujFlvbUIK8qa8=">AAACHXicbVBNS8NAEN3Urxq/oh69LBbBU0lE0GPRi8cq9gOatmy223bpbhJ2J0oJ+SNe/CtePCjiwYv4b9y2AbX1wcDjvRlm5gWx4Bpc98sqLC2vrK4V1+2Nza3tHWd3r66jRFFWo5GIVDMgmgkeshpwEKwZK0ZkIFgjGF1O/MYdU5pH4S2MY9aWZBDyPqcEjNR1Tn1JYBgE6U3WSXsZ9hUfDIEoFd1j+8fDnVRiH7hkGsus65TcsjsFXiReTkooR7XrfPi9iCaShUAF0brluTG0U6KAU8Ey2080iwkdkQFrGRoSs6edTr/L8JFRergfKVMh4Kn6eyIlUuuxDEzn5F49703E/7xWAv3zdsrDOAEW0tmifiIwRHgSFe5xxSiIsSGEKm5uxXRIFKFgArVNCN78y4ukflL23LJ3fVqqXORxFNEBOkTHyENnqIKuUBXVEEUP6Am9oFfr0Xq23qz3WWvBymf20R9Yn98zp6KS</latexit>

Rm⇥m ! Z
<latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit>

Rm⇥m ! Rm⇥m
<latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit>

R3m⇥t ! R3m
<latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit>

analysis



• Feature	detection	(image	features,	point	features) 

• Denoising,	Smoothing,	etc.	  

• Embedding,	Distance	computation  

• Rendering  

• Animation  

• Physical	simulation  

• Generative	models

Problems	in	Computer	Graphics

�8

Rm⇥m ! Rm⇥m
<latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit><latexit sha1_base64="ZtRsz5108GrjlMV7h9Woj+OVox0=">AAACJnicbVDLSgNBEJz1GeMr6tHLYBA8hV0R9CIEvXiMYh6QjWF2MpsMmZldZnqVsOzXePFXvHiIiHjzU5w8QJPY0FBUVdPdFcSCG3DdL2dpeWV1bT23kd/c2t7ZLezt10yUaMqqNBKRbgTEMMEVqwIHwRqxZkQGgtWD/vVIrz8ybXik7mEQs5YkXcVDTglYql249CWBXhCkd9lDKrEPXDKDZYZ9zbs9IFpHTzj/a8Izrnah6JbcceFF4E1BEU2r0i4M/U5EE8kUUEGMaXpuDK2UaOBUsCzvJ4bFhPZJlzUtVMTuaaXjNzN8bJkODiNtWwEes38nUiKNGcjAOkf3mnltRP6nNRMIL1opV3ECTNHJojARGCI8ygx3uGYUxMACQjW3t2LaI5pQsMnmbQje/MuLoHZa8tySd3tWLF9N48ihQ3SETpCHzlEZ3aAKqiKKntErGqJ358V5cz6cz4l1yZnOHKCZcr5/ABkhpiA=</latexit>

Rm⇥m,m⇥m ! Rd
<latexit sha1_base64="TlwDumR9zFKxH+OR0YjhRMYkZhA=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwIWVGBF0W3bisYh/QaUsmTdvQZGZI7ihlmN9x46+4UVDUrT9ipi1UWw8EDufcQ+49fiS4Bsf5tHJLyyura/l1e2Nza3unsLtX02GsKKvSUISq4RPNBA9YFTgI1ogUI9IXrO4PrzK/fs+U5mFwB6OItSTpB7zHKQEjdQplTxIY+H5ym7YTiT3gkmksT/CMp9hTvD8AolT4gO1ZALeTbtopFJ2SMwZeJO6UFNEUlU7h1euGNJYsACqI1k3XiaCVEAWcCpbaXqxZROiQ9FnT0ICYJVrJ+NIUHxmli3uhMi8APFZ/JxIitR5J30xma+p5LxP/85ox9C5aCQ+iGFhAJx/1YoEhxFltuMsVoyBGhhCquNkV0wFRhIIp1zYluPMnL5Laacl1Su7NWbF8Oa0jjw7QITpGLjpHZXSNKqiKKHpEz+gNvVtP1ov1YX1NRnPWNLOP/sD6/gHEXabu</latexit><latexit sha1_base64="TlwDumR9zFKxH+OR0YjhRMYkZhA=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwIWVGBF0W3bisYh/QaUsmTdvQZGZI7ihlmN9x46+4UVDUrT9ipi1UWw8EDufcQ+49fiS4Bsf5tHJLyyura/l1e2Nza3unsLtX02GsKKvSUISq4RPNBA9YFTgI1ogUI9IXrO4PrzK/fs+U5mFwB6OItSTpB7zHKQEjdQplTxIY+H5ym7YTiT3gkmksT/CMp9hTvD8AolT4gO1ZALeTbtopFJ2SMwZeJO6UFNEUlU7h1euGNJYsACqI1k3XiaCVEAWcCpbaXqxZROiQ9FnT0ICYJVrJ+NIUHxmli3uhMi8APFZ/JxIitR5J30xma+p5LxP/85ox9C5aCQ+iGFhAJx/1YoEhxFltuMsVoyBGhhCquNkV0wFRhIIp1zYluPMnL5Laacl1Su7NWbF8Oa0jjw7QITpGLjpHZXSNKqiKKHpEz+gNvVtP1ov1YX1NRnPWNLOP/sD6/gHEXabu</latexit><latexit sha1_base64="TlwDumR9zFKxH+OR0YjhRMYkZhA=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwIWVGBF0W3bisYh/QaUsmTdvQZGZI7ihlmN9x46+4UVDUrT9ipi1UWw8EDufcQ+49fiS4Bsf5tHJLyyura/l1e2Nza3unsLtX02GsKKvSUISq4RPNBA9YFTgI1ogUI9IXrO4PrzK/fs+U5mFwB6OItSTpB7zHKQEjdQplTxIY+H5ym7YTiT3gkmksT/CMp9hTvD8AolT4gO1ZALeTbtopFJ2SMwZeJO6UFNEUlU7h1euGNJYsACqI1k3XiaCVEAWcCpbaXqxZROiQ9FnT0ICYJVrJ+NIUHxmli3uhMi8APFZ/JxIitR5J30xma+p5LxP/85ox9C5aCQ+iGFhAJx/1YoEhxFltuMsVoyBGhhCquNkV0wFRhIIp1zYluPMnL5Laacl1Su7NWbF8Oa0jjw7QITpGLjpHZXSNKqiKKHpEz+gNvVtP1ov1YX1NRnPWNLOP/sD6/gHEXabu</latexit><latexit sha1_base64="TlwDumR9zFKxH+OR0YjhRMYkZhA=">AAACKXicbVDLSgMxFM3UVx1fVZdugkVwIWVGBF0W3bisYh/QaUsmTdvQZGZI7ihlmN9x46+4UVDUrT9ipi1UWw8EDufcQ+49fiS4Bsf5tHJLyyura/l1e2Nza3unsLtX02GsKKvSUISq4RPNBA9YFTgI1ogUI9IXrO4PrzK/fs+U5mFwB6OItSTpB7zHKQEjdQplTxIY+H5ym7YTiT3gkmksT/CMp9hTvD8AolT4gO1ZALeTbtopFJ2SMwZeJO6UFNEUlU7h1euGNJYsACqI1k3XiaCVEAWcCpbaXqxZROiQ9FnT0ICYJVrJ+NIUHxmli3uhMi8APFZ/JxIitR5J30xma+p5LxP/85ox9C5aCQ+iGFhAJx/1YoEhxFltuMsVoyBGhhCquNkV0wFRhIIp1zYluPMnL5Laacl1Su7NWbF8Oa0jjw7QITpGLjpHZXSNKqiKKHpEz+gNvVtP1ov1YX1NRnPWNLOP/sD6/gHEXabu</latexit>

R3m⇥t ! R3m
<latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit><latexit sha1_base64="nQCbUsp0ev/R3gsOW4YDsknbwD4=">AAACH3icbVDLSsNAFJ3UV42vqEs3g0VwVRIVdVl047KKrYWmlsl00g6dPJi5UUrIn7jxV9y4UETc9W+ctAG19cDA4ZxzmXuPFwuuwLbHRmlhcWl5pbxqrq1vbG5Z2ztNFSWSsgaNRCRbHlFM8JA1gINgrVgyEniC3XnDy9y/e2BS8Si8hVHMOgHph9znlICWutapGxAYeF56k92nxwF2gQdMYciwK3l/AETK6BGbPymcx7KuVbGr9gR4njgFqaAC9a715fYimgQsBCqIUm3HjqGTEgmcCpaZbqJYTOiQ9Flb05DoLTrp5L4MH2ilh/1I6hcCnqi/J1ISKDUKPJ3M91SzXi7+57UT8M87KQ/jBFhIpx/5icAQ4bws3OOSURAjTQiVXO+K6YBIQkFXauoSnNmT50nzqOrYVef6pFK7KOoooz20jw6Rg85QDV2hOmogip7QC3pD78az8Wp8GJ/TaMkoZnbRHxjjb03foxw=</latexit>

Rd ! Rm⇥m
<latexit sha1_base64="m3ZTaJFLzv/aqaujFlvbUIK8qa8=">AAACHXicbVBNS8NAEN3Urxq/oh69LBbBU0lE0GPRi8cq9gOatmy223bpbhJ2J0oJ+SNe/CtePCjiwYv4b9y2AbX1wcDjvRlm5gWx4Bpc98sqLC2vrK4V1+2Nza3tHWd3r66jRFFWo5GIVDMgmgkeshpwEKwZK0ZkIFgjGF1O/MYdU5pH4S2MY9aWZBDyPqcEjNR1Tn1JYBgE6U3WSXsZ9hUfDIEoFd1j+8fDnVRiH7hkGsus65TcsjsFXiReTkooR7XrfPi9iCaShUAF0brluTG0U6KAU8Ey2080iwkdkQFrGRoSs6edTr/L8JFRergfKVMh4Kn6eyIlUuuxDEzn5F49703E/7xWAv3zdsrDOAEW0tmifiIwRHgSFe5xxSiIsSGEKm5uxXRIFKFgArVNCN78y4ukflL23LJ3fVqqXORxFNEBOkTHyENnqIKuUBXVEEUP6Am9oFfr0Xq23qz3WWvBymf20R9Yn98zp6KS</latexit><latexit sha1_base64="m3ZTaJFLzv/aqaujFlvbUIK8qa8=">AAACHXicbVBNS8NAEN3Urxq/oh69LBbBU0lE0GPRi8cq9gOatmy223bpbhJ2J0oJ+SNe/CtePCjiwYv4b9y2AbX1wcDjvRlm5gWx4Bpc98sqLC2vrK4V1+2Nza3tHWd3r66jRFFWo5GIVDMgmgkeshpwEKwZK0ZkIFgjGF1O/MYdU5pH4S2MY9aWZBDyPqcEjNR1Tn1JYBgE6U3WSXsZ9hUfDIEoFd1j+8fDnVRiH7hkGsus65TcsjsFXiReTkooR7XrfPi9iCaShUAF0brluTG0U6KAU8Ey2080iwkdkQFrGRoSs6edTr/L8JFRergfKVMh4Kn6eyIlUuuxDEzn5F49703E/7xWAv3zdsrDOAEW0tmifiIwRHgSFe5xxSiIsSGEKm5uxXRIFKFgArVNCN78y4ukflL23LJ3fVqqXORxFNEBOkTHyENnqIKuUBXVEEUP6Am9oFfr0Xq23qz3WWvBymf20R9Yn98zp6KS</latexit><latexit sha1_base64="m3ZTaJFLzv/aqaujFlvbUIK8qa8=">AAACHXicbVBNS8NAEN3Urxq/oh69LBbBU0lE0GPRi8cq9gOatmy223bpbhJ2J0oJ+SNe/CtePCjiwYv4b9y2AbX1wcDjvRlm5gWx4Bpc98sqLC2vrK4V1+2Nza3tHWd3r66jRFFWo5GIVDMgmgkeshpwEKwZK0ZkIFgjGF1O/MYdU5pH4S2MY9aWZBDyPqcEjNR1Tn1JYBgE6U3WSXsZ9hUfDIEoFd1j+8fDnVRiH7hkGsus65TcsjsFXiReTkooR7XrfPi9iCaShUAF0brluTG0U6KAU8Ey2080iwkdkQFrGRoSs6edTr/L8JFRergfKVMh4Kn6eyIlUuuxDEzn5F49703E/7xWAv3zdsrDOAEW0tmifiIwRHgSFe5xxSiIsSGEKm5uxXRIFKFgArVNCN78y4ukflL23LJ3fVqqXORxFNEBOkTHyENnqIKuUBXVEEUP6Am9oFfr0Xq23qz3WWvBymf20R9Yn98zp6KS</latexit><latexit sha1_base64="m3ZTaJFLzv/aqaujFlvbUIK8qa8=">AAACHXicbVBNS8NAEN3Urxq/oh69LBbBU0lE0GPRi8cq9gOatmy223bpbhJ2J0oJ+SNe/CtePCjiwYv4b9y2AbX1wcDjvRlm5gWx4Bpc98sqLC2vrK4V1+2Nza3tHWd3r66jRFFWo5GIVDMgmgkeshpwEKwZK0ZkIFgjGF1O/MYdU5pH4S2MY9aWZBDyPqcEjNR1Tn1JYBgE6U3WSXsZ9hUfDIEoFd1j+8fDnVRiH7hkGsus65TcsjsFXiReTkooR7XrfPi9iCaShUAF0brluTG0U6KAU8Ey2080iwkdkQFrGRoSs6edTr/L8JFRergfKVMh4Kn6eyIlUuuxDEzn5F49703E/7xWAv3zdsrDOAEW0tmifiIwRHgSFe5xxSiIsSGEKm5uxXRIFKFgArVNCN78y4ukflL23LJ3fVqqXORxFNEBOkTHyENnqIKuUBXVEEUP6Am9oFfr0Xq23qz3WWvBymf20R9Yn98zp6KS</latexit>

Rm⇥m ! Z
<latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit><latexit sha1_base64="Jffbvc3QWDTSNSjLc2ESDiZVix8=">AAACG3icbVDLSsNAFJ34rPUVdelmsAiuSlIEXRbduKxiH9jUMplO26EzSZi5UUrIf7jxV9y4UMSV4MK/cdIG0dYDA4dzzmXuPX4kuAbH+bIWFpeWV1YLa8X1jc2tbXtnt6HDWFFWp6EIVcsnmgkesDpwEKwVKUakL1jTH51nfvOOKc3D4BrGEetIMgh4n1MCRuralaInCQx9P7lK8W0isQdcMo1lirGn+GAIRKnwHv/EbtKuXXLKzgR4nrg5KaEcta794fVCGksWABVE67brRNBJiAJOBUuLXqxZROiIDFjb0ICYBTrJ5LYUHxqlh/uhMi8APFF/TyREaj2WvklmG+pZLxP/89ox9E87CQ+iGFhApx/1Y4EhxFlRuMcVoyDGhhCquNkV0yFRhIKps2hKcGdPnieNStl1yu7lcal6ltdRQPvoAB0hF52gKrpANVRHFD2gJ/SCXq1H69l6s96n0QUrn9lDf2B9fgNLaKD2</latexit>
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Examples:

: function parameters, 
  these are learned

: source domain : target domain

Image Classification:
: image dimensions : class count

Image Synthesis:
: image dimensions: latent variable count

Goal:	Learn	a	Parametric	Function
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Training	data 

Test	data 
(run-time	data)

PredictionTrained	model

ML	algorithm

Validation	data converged?

Implementation	Practice:	Training:	70%;	Validation:	15%;	Test	15%	

Data-driven	Algorithms	(Unsupervised)
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• 1958:	 Perceptron	
• 1974:	 Backpropagation	
• 1981:		 Hubel	&	Wiesel	wins	Nobel	prize	for	‘visual	system’	
• 1990s:	 SVM	era	
• 1998:		 CNN	used	for	handwriting	analysis	
• 2012:		 AlexNet	wins	ImageNet

Rise	of	Learning
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Rise	of	Machine	Learning	(in	Graphics)
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neural	network
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1. Image	Processing	(image	translation	tasks)  

2. Many	sources	of	input	data	—	model	building  
(e.g.,	images,	scanners,	motion	capture)  

3. Many	sources	of	synthetic	data	—	can	serve	as	supervision	data 
(e.g.,	rendering,	animation)  

4. Many	problems	in	generative	models	

What	is	Special	about	CG?
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1. Representation:	How	is	the	data	organised	and	structured?  

2. Training	data:	Is	it	synthetic	or	real,	or	mixed?  

3. User	control:	End-to-end	or	in	small	steps?  

4. Loss	functions:	Hand-crafted	or	learned	from	data?

Main	Challenges	and	Scope	for	Innovation

�19



End-to-end:	Learned	Features
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• Old	days	
• Handcrafted	feature	extraction,	e.g.,	edges	or	corners	(hand-crafted)	
• Mostly	with	linear	models	(PCA,	etc.)
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• Old	days	
• Handcrafted	feature	extraction,	e.g.,	edges	or	corners	(hand-crafted)	
• Mostly	with	linear	models	(PCA,	etc.)

• Now	
• End-to-end	
• Move	away	from	hand-crafted	representations

End-to-end:	Learned	Features
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�21



• Old	days	
• Evaluation	came	after			
• It	was	a	bit	optional	

• You	might	still	have	a	good	algorithm	without	a	good	way	of	quantifying	it	
• Evaluation	helped	publishing
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• Old	days	
• Evaluation	came	after			
• It	was	a	bit	optional	

• You	might	still	have	a	good	algorithm	without	a	good	way	of	quantifying	it	
• Evaluation	helped	publishing

• Now	
• It	is	essential	and	build-in	
• If	the	loss	is	not	good,	the	result	is	not	good	
• (Extensive)	Evaluation	happens	automatically 

• While	still	much	is	left	to	do,	this	makes	graphics	much	more	reproducible

End-to-end:	Learned	Loss

�21
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• Old	days	
• Test	with	some	toy	examples	
• Deploy	on	real	stuff	
• Maybe	collect	some	performance	data	later 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• Old	days	
• Test	with	some	toy	examples	
• Deploy	on	real	stuff	
• Maybe	collect	some	performance	data	later 

• Now	
• Test	and	deploy	need	to	be	as	identical	 
(in	distribution)	

• Need	to	collect	data	first	
• No	two	steps

End-to-end:	Real/Generated	Data
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SIGGRAPH	Asia	Course	CreativeAI:	Deep	Learning	for	Graphics �26

Course	Information	(slides/code/comments)

http://geometry.cs.ucl.ac.uk/creativeai/
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Machine	Learning	Basics



SIGGRAPH	Asia	Course	CreativeAI:	Deep	Learning	for	Graphics

Timetable
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Niloy Paul Nils

Introduction 				2:15	pm X X X

Machine	Learning	Basics ∼	2:25	pm X

Neural	Network	Basics ∼	2:55	pm X

Feature	Visualization ∼	3:25	pm X

Alternatives	to	Direct	Supervision ∼	3:35	pm X

15	min.	break

Image	Domains 				4:15	pm X

3D	Domains ∼	4:45	pm X

Motion	and	Physics ∼	5:15	pm X

Discussion ∼	5:45	pm X X X
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Machine	Learning	
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Machine	learning	is	a	field	of	computer	science	that	uses	statistical	
techniques	to	give	computer	systems	the	ability	to	learn	(i.e.,	progressively	
improve	performance	on	a	specific	task)	with	data,	without	being	explicitly	
programmed.	  

‘ML’	coined	by	Arthur	Samuel,	1959.	
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techniques	to	give	computer	systems	the	ability	to	learn	(i.e.,	progressively	
improve	performance	on	a	specific	task)	with	data,	without	being	explicitly	
programmed.	  

‘ML’	coined	by	Arthur	Samuel,	1959.	

Machine	Learning	
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• Supervised	
• Classification	
• Regression	
• Data	consolidation	

• Unsupervised	
• Clustering	
• Dimensionality	Reduction	

• Weakly	supervised/semi-supervised	
Some	data	supervised,	some	unsupervised	

• Reinforcement	learning		
Supervision:	sparse	reward	for	a	sequence	of	decisions

Machine	Learning	Variants
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• Digit	Recognition  
 

• Spam	Detection  
 

• Face	detection

Classification	Examples
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Segmentation	+	Classification	in	Real	Images
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Evaluation	measures:	Confusion	matrix,	ROC	curve,	precision,	recall,	etc.	
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• Supervised	
• Classification	
• Regression	
• Data	consolidation	

• Unsupervised	
• Clustering	
• Dimensionality	Reduction	

• Weakly	supervised/semi-supervised	
Some	data	supervised,	some	unsupervised	

• Reinforcement	learning		
Supervision:	sparse	reward	for	a	sequence	of	decisions

Machine	Learning	Variants
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Human	Face/Pose	Estimation
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[Blanz	and	Vetter,	Siggraph,	1999]



Human	Face/Pose	Estimation
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[Blanz	and	Vetter,	Siggraph,	1999]



Regression:	Model	Estimation
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[Zwicker	et	al.,	EGSR,	2005][Guennebaud	et	al.,	Siggraph,	2007]

[Mitra	et	al.	SoCG,	2003]
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• Unsupervised	
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Some	data	supervised,	some	unsupervised	

• Reinforcement	learning		
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Clustering:	Group	Points	According	to	X
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Clustering:	Group	Points	According	to	X
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Clustering:	Group	Points	According	to	X
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Clustering	Examples:	Image	Segmentation	using	NCuts

�14

EG Course Deep Learning for Graphics

Clustering example: image segmentation

Normalized Cuts-based  clustering of natural images 



Clustering	Examples
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[Chu	et	al.,	TVCG,	2009] [Zheng	et	al.,	Eurographics,	2014]



• Supervised	
• Classification	
• Regression	
• Data	consolidation	

• Unsupervised	
• Clustering	
• Dimensionality	Reduction	

• Weakly	supervised/semi-supervised	
Some	data	supervised,	some	unsupervised	

• Reinforcement	learning		
Supervision:	sparse	reward	for	a	sequence	of	decisions

Machine	Learning	Variants
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Dimensionality	Reduction	(Manifold	Learning)
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[Averkiou	et	al.,	Eurographics,	2014]

[Yang	et	al.,	TOG,	2011]
[Tenenbaum	et	al.,	Science,	2000]



Example	of	Nonlinear	Manifold:	Faces
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Example	of	Nonlinear	Manifold:	Faces
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Example	of	Nonlinear	Manifold:	Faces
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Moving	Along	Learned	Face	Manifold
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Trajectory along the “male” dimension

[Lample	et.	al.	Fader	Networks,	NIPS	2017]



Moving	Along	Learned	Face	Manifold
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Trajectory along the “male” dimension

Trajectory along the “young” dimension
[Lample	et.	al.	Fader	Networks,	NIPS	2017]



• All	eigenvalues	of	symmetric	matrices	are	real.	

• Any	real	symmetric	nxn	matrix	has	a	set	of	n	mutually	orthogonal	eigenvectors.	

Notations:	Eigenvectors	and	Eigenvalues
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y = Ax

Aei = �iei

T = [v1 v2 . . . ]

T�1AT = diag(�1,�2, . . . )



Code	Example
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Code	Example
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Code	Example
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Code	Example
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Code	Example
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Code	Example
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Morphable	Faces
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Morphable	Faces
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Regression:	Continuous	Output
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Regression:	Continuous	Output
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Learning	a	Function
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Calculus

Vector	calculus x 2 Rd
<latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit>

x 2 R
<latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit>
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Machine	learning:	can	work	also	for	discrete	inputs,	strings,	images,	meshes,	animations,	…

x 2 Rd
<latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit>

x 2 R
<latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit>
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Machine	learning:	can	work	also	for	discrete	inputs,	strings,	images,	meshes,	animations,	…

x 2 Rd
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x 2 R
<latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit>

Classification:



Learning	a	Function
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input

method

parameters

prediction

Calculus

Vector	calculus

Machine	learning:	can	work	also	for	discrete	inputs,	strings,	images,	meshes,	animations,	…

x 2 Rd
<latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit><latexit sha1_base64="X5U9CxuGqyZo9y16NJSDlCln914=">AAACBHicbVC7TsMwFL3hWcorwNjFokJiqhKEBGMFC2NB9CE1pXIcp7XqOJHtIKooAwu/wsIAQqx8BBt/g9N2gJYjWTo+517de4+fcKa043xbS8srq2vrpY3y5tb2zq69t99ScSoJbZKYx7LjY0U5E7Spmea0k0iKI5/Ttj+6LPz2PZWKxeJWjxPai/BAsJARrI3UtytehPXQD7OHHHlMoOnXz27yu6BvV52aMwFaJO6MVGGGRt/+8oKYpBEVmnCsVNd1Et3LsNSMcJqXvVTRBJMRHtCuoQJHVPWyyRE5OjJKgMJYmic0mqi/OzIcKTWOfFNZ7KjmvUL8z+umOjzvZUwkqaaCTAeFKUc6RkUiKGCSEs3HhmAimdkVkSGWmGiTW9mE4M6fvEhaJzXXqbnXp9X6xSyOElTgEI7BhTOowxU0oAkEHuEZXuHNerJerHfrY1q6ZM16DuAPrM8f6gyYQA==</latexit>

x 2 R
<latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit><latexit sha1_base64="b9kIiovMZIm4ydGDn88BjQ9RMK0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiQi6LLoxmUV+4AmlMl00g6dTMLMpFhC/8SNC0Xc+ifu/BsnaRbaemDgcM693DMnSDhT2nG+rcra+sbmVnW7trO7t39gHx51VJxKQtsk5rHsBVhRzgRta6Y57SWS4ijgtBtMbnO/O6VSsVg86llC/QiPBAsZwdpIA9t+Qh4TyIuwHgdB9jAf2HWn4RRAq8QtSR1KtAb2lzeMSRpRoQnHSvVdJ9F+hqVmhNN5zUsVTTCZ4BHtGypwRJWfFcnn6MwoQxTG0jyhUaH+3shwpNQsCsxknlAte7n4n9dPdXjtZ0wkqaaCLA6FKUc6RnkNaMgkJZrPDMFEMpMVkTGWmGhTVs2U4C5/eZV0Lhqu03DvL+vNm7KOKpzAKZyDC1fQhDtoQRsITOEZXuHNyqwX6936WIxWrHLnGP7A+vwBE+aTSg==</latexit>

Classification:

Regression:



Learning	a	Linear	Separator/Classifier
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separating	hyperplane



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

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>

separating	hyperplane



Learning	a	Linear	Separator/Classifier

�26

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>

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

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>

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

w2
<latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit>

separating	hyperplane



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

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>

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

w2
<latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit>

y = f(w1x1 + w2x2) = H(w1x1 + w2x2)
<latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit>

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

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>

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

w2
<latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit>

y = f(w1x1 + w2x2) = H(w1x1 + w2x2)
<latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit>

separating	hyperplane



Learning	a	Linear	Separator/Classifier

�26

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>

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

w2
<latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit>

y = f(w1x1 + w2x2) = H(w1x1 + w2x2)
<latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit>
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x1
<latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit><latexit sha1_base64="9Ebez7AsyXnUS7K0KmzSc78bSSE=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lEqMeiF48V7Qe0oWy2k3bpZhN2N2IJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9T3+uWKW3XnIKvEy0kFcjT65a/eIGZphNIwQbXuem5i/Iwqw5nAaamXakwoG9Mhdi2VNELtZ/NTp+TMKgMSxsqWNGSu/p7IaKT1JApsZ0TNSC97M/E/r5ua8MrPuExSg5ItFoWpICYms7/JgCtkRkwsoUxxeythI6ooMzadkg3BW355lbQuqp5b9e4uK/XrPI4inMApnIMHNajDLTSgCQyG8Ayv8OYI58V5dz4WrQUnnzmGP3A+fwALsI2g</latexit>

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>

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

w2
<latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit><latexit sha1_base64="EsfmBFLUBuuqmk6k+rvdBrdsh0Q=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeiF48V7Qe0oWy2k3bpZhN2N0oJ/QlePCji1V/kzX/jts1BWx8MPN6bYWZekAiujet+O4W19Y3NreJ2aWd3b/+gfHjU0nGqGDZZLGLVCahGwSU2DTcCO4lCGgUC28H4Zua3H1FpHssHM0nQj+hQ8pAzaqx0/9Sv9csVt+rOQVaJl5MK5Gj0y1+9QczSCKVhgmrd9dzE+BlVhjOB01Iv1ZhQNqZD7FoqaYTaz+anTsmZVQYkjJUtachc/T2R0UjrSRTYzoiakV72ZuJ/Xjc14ZWfcZmkBiVbLApTQUxMZn+TAVfIjJhYQpni9lbCRlRRZmw6JRuCt/zyKmnVqp5b9e4uKvXrPI4inMApnIMHl1CHW2hAExgM4Rle4c0Rzovz7nwsWgtOPnMMf+B8/gALro2g</latexit>

y = f(w1x1 + w2x2) = H(w1x1 + w2x2)
<latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit><latexit sha1_base64="UWndDzGTd3i/SInZDXXsBYBCars=">AAACJHicbVDLSsNAFJ3UV42vqEs3g0WoCCUpgoIIRTddVrAPaEOYTCft0MmDmYk1hH6MG3/FjQsfuHDjtzhps9C2By4czrmXe+9xI0aFNM1vrbCyura+UdzUt7Z3dveM/YOWCGOOSROHLOQdFwnCaECakkpGOhEnyHcZabuj28xvPxAuaBjcyyQito8GAfUoRlJJjnGVwGvolceOBR9VncGxU1WseqpDZfR8JIcYsbQ+WdLiGCWzYk4BF4mVkxLI0XCMj14/xLFPAokZEqJrmZG0U8QlxYxM9F4sSITwCA1IV9EA+UTY6fTJCTxRSh96IVcVSDhV/06kyBci8V3VmV0t5r1MXOZ1Y+ld2ikNoliSAM8WeTGDMoRZYrBPOcGSJYogzKm6FeIh4ghLlauuQrDmX14krWrFMivW3XmpdpPHUQRH4BiUgQUuQA3UQQM0AQZP4AW8gXftWXvVPrWvWWtBy2cOwT9oP79Ax5+q</latexit>

fixed	non-linearity
separating	hyperplane
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Assumption:	Linear	Function

�31

x 2 RD,w 2 RD
<latexit sha1_base64="H3/B4j79pWRGcO+EWsPwCsz0Jlg=">AAACInicbVDLSsNAFJ34rPEVdelmsAgupCQiqLuiLlxWsQ9oYplMJ+3QySTMTNQS8i1u/BU3LhR1JfgxTtoI2npg4Mw593LvPX7MqFS2/WnMzM7NLyyWlszlldW1dWtjsyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3CW+81bIiSN+LUaxsQLUY/TgGKktNSxTtwQqb4fpPcZdCmH46+fXmU35/vQ/HHvpt2OVbYr9ghwmjgFKYMCtY717nYjnISEK8yQlG3HjpWXIqEoZiQz3USSGOEB6pG2phyFRHrp6MQM7mqlC4NI6McVHKm/O1IUSjkMfV2Z7ygnvVz8z2snKjj2UsrjRBGOx4OChEEVwTwv2KWCYMWGmiAsqN4V4j4SCCudqqlDcCZPniaNg4pjV5zLw3L1tIijBLbBDtgDDjgCVXABaqAOMHgAT+AFvBqPxrPxZnyMS2eMomcL/IHx9Q0qR6QI</latexit><latexit sha1_base64="H3/B4j79pWRGcO+EWsPwCsz0Jlg=">AAACInicbVDLSsNAFJ34rPEVdelmsAgupCQiqLuiLlxWsQ9oYplMJ+3QySTMTNQS8i1u/BU3LhR1JfgxTtoI2npg4Mw593LvPX7MqFS2/WnMzM7NLyyWlszlldW1dWtjsyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3CW+81bIiSN+LUaxsQLUY/TgGKktNSxTtwQqb4fpPcZdCmH46+fXmU35/vQ/HHvpt2OVbYr9ghwmjgFKYMCtY717nYjnISEK8yQlG3HjpWXIqEoZiQz3USSGOEB6pG2phyFRHrp6MQM7mqlC4NI6McVHKm/O1IUSjkMfV2Z7ygnvVz8z2snKjj2UsrjRBGOx4OChEEVwTwv2KWCYMWGmiAsqN4V4j4SCCudqqlDcCZPniaNg4pjV5zLw3L1tIijBLbBDtgDDjgCVXABaqAOMHgAT+AFvBqPxrPxZnyMS2eMomcL/IHx9Q0qR6QI</latexit><latexit sha1_base64="H3/B4j79pWRGcO+EWsPwCsz0Jlg=">AAACInicbVDLSsNAFJ34rPEVdelmsAgupCQiqLuiLlxWsQ9oYplMJ+3QySTMTNQS8i1u/BU3LhR1JfgxTtoI2npg4Mw593LvPX7MqFS2/WnMzM7NLyyWlszlldW1dWtjsyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3CW+81bIiSN+LUaxsQLUY/TgGKktNSxTtwQqb4fpPcZdCmH46+fXmU35/vQ/HHvpt2OVbYr9ghwmjgFKYMCtY717nYjnISEK8yQlG3HjpWXIqEoZiQz3USSGOEB6pG2phyFRHrp6MQM7mqlC4NI6McVHKm/O1IUSjkMfV2Z7ygnvVz8z2snKjj2UsrjRBGOx4OChEEVwTwv2KWCYMWGmiAsqN4V4j4SCCudqqlDcCZPniaNg4pjV5zLw3L1tIijBLbBDtgDDjgCVXABaqAOMHgAT+AFvBqPxrPxZnyMS2eMomcL/IHx9Q0qR6QI</latexit><latexit sha1_base64="H3/B4j79pWRGcO+EWsPwCsz0Jlg=">AAACInicbVDLSsNAFJ34rPEVdelmsAgupCQiqLuiLlxWsQ9oYplMJ+3QySTMTNQS8i1u/BU3LhR1JfgxTtoI2npg4Mw593LvPX7MqFS2/WnMzM7NLyyWlszlldW1dWtjsyGjRGBSxxGLRMtHkjDKSV1RxUgrFgSFPiNNf3CW+81bIiSN+LUaxsQLUY/TgGKktNSxTtwQqb4fpPcZdCmH46+fXmU35/vQ/HHvpt2OVbYr9ghwmjgFKYMCtY717nYjnISEK8yQlG3HjpWXIqEoZiQz3USSGOEB6pG2phyFRHrp6MQM7mqlC4NI6McVHKm/O1IUSjkMfV2Z7ygnvVz8z2snKjj2UsrjRBGOx4OChEEVwTwv2KWCYMWGmiAsqN4V4j4SCCudqqlDcCZPniaNg4pjV5zLw3L1tIijBLbBDtgDDjgCVXABaqAOMHgAT+AFvBqPxrPxZnyMS2eMomcL/IHx9Q0qR6QI</latexit>
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<latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit>
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<latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit>
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<latexit sha1_base64="IXuHlBZ+cdzajDJrQn+LbQpj/aw=">AAACLXicbVBNS8NAEN34WetX1aOXxSJ4KokIiqeiHjxWsLXQhrDZTuriJht2J7Ul9A958a+I4KEiXv0bbmsRrT4YeLw3w8y8MJXCoOuOnLn5hcWl5cJKcXVtfWOztLXdMCrTHOpcSaWbITMgRQJ1FCihmWpgcSjhJrw7H/s3PdBGqOQaByn4MesmIhKcoZWC0kU7ZngbRnl/GAjaRuhjTlNlBIoenNIh/e3zjsJv6d66XaAuDUplt+JOQP8Sb0rKZIpaUHpudxTPYkiQS2ZMy3NT9HOmUXAJw2I7M5Ayfse60LI0YTEYP598O6T7VunQSGlbCdKJ+nMiZ7Exgzi0neNDzaw3Fv/zWhlGJ34ukjRDSPjXoiiTFBUdR0c7QgNHObCEcW0T4pTfMs042oCLNgRv9uW/pHFY8dyKd3VUrp5N4yiQXbJHDohHjkmVXJIaqRNOHsgTGZFX59F5cd6c96/WOWc6s0N+wfn4BJxCqOA=</latexit><latexit sha1_base64="IXuHlBZ+cdzajDJrQn+LbQpj/aw=">AAACLXicbVBNS8NAEN34WetX1aOXxSJ4KokIiqeiHjxWsLXQhrDZTuriJht2J7Ul9A958a+I4KEiXv0bbmsRrT4YeLw3w8y8MJXCoOuOnLn5hcWl5cJKcXVtfWOztLXdMCrTHOpcSaWbITMgRQJ1FCihmWpgcSjhJrw7H/s3PdBGqOQaByn4MesmIhKcoZWC0kU7ZngbRnl/GAjaRuhjTlNlBIoenNIh/e3zjsJv6d66XaAuDUplt+JOQP8Sb0rKZIpaUHpudxTPYkiQS2ZMy3NT9HOmUXAJw2I7M5Ayfse60LI0YTEYP598O6T7VunQSGlbCdKJ+nMiZ7Exgzi0neNDzaw3Fv/zWhlGJ34ukjRDSPjXoiiTFBUdR0c7QgNHObCEcW0T4pTfMs042oCLNgRv9uW/pHFY8dyKd3VUrp5N4yiQXbJHDohHjkmVXJIaqRNOHsgTGZFX59F5cd6c96/WOWc6s0N+wfn4BJxCqOA=</latexit><latexit sha1_base64="IXuHlBZ+cdzajDJrQn+LbQpj/aw=">AAACLXicbVBNS8NAEN34WetX1aOXxSJ4KokIiqeiHjxWsLXQhrDZTuriJht2J7Ul9A958a+I4KEiXv0bbmsRrT4YeLw3w8y8MJXCoOuOnLn5hcWl5cJKcXVtfWOztLXdMCrTHOpcSaWbITMgRQJ1FCihmWpgcSjhJrw7H/s3PdBGqOQaByn4MesmIhKcoZWC0kU7ZngbRnl/GAjaRuhjTlNlBIoenNIh/e3zjsJv6d66XaAuDUplt+JOQP8Sb0rKZIpaUHpudxTPYkiQS2ZMy3NT9HOmUXAJw2I7M5Ayfse60LI0YTEYP598O6T7VunQSGlbCdKJ+nMiZ7Exgzi0neNDzaw3Fv/zWhlGJ34ukjRDSPjXoiiTFBUdR0c7QgNHObCEcW0T4pTfMs042oCLNgRv9uW/pHFY8dyKd3VUrp5N4yiQXbJHDohHjkmVXJIaqRNOHsgTGZFX59F5cd6c96/WOWc6s0N+wfn4BJxCqOA=</latexit><latexit sha1_base64="IXuHlBZ+cdzajDJrQn+LbQpj/aw=">AAACLXicbVBNS8NAEN34WetX1aOXxSJ4KokIiqeiHjxWsLXQhrDZTuriJht2J7Ul9A958a+I4KEiXv0bbmsRrT4YeLw3w8y8MJXCoOuOnLn5hcWl5cJKcXVtfWOztLXdMCrTHOpcSaWbITMgRQJ1FCihmWpgcSjhJrw7H/s3PdBGqOQaByn4MesmIhKcoZWC0kU7ZngbRnl/GAjaRuhjTlNlBIoenNIh/e3zjsJv6d66XaAuDUplt+JOQP8Sb0rKZIpaUHpudxTPYkiQS2ZMy3NT9HOmUXAJw2I7M5Ayfse60LI0YTEYP598O6T7VunQSGlbCdKJ+nMiZ7Exgzi0neNDzaw3Fv/zWhlGJ34ukjRDSPjXoiiTFBUdR0c7QgNHObCEcW0T4pTfMs042oCLNgRv9uW/pHFY8dyKd3VUrp5N4yiQXbJHDohHjkmVXJIaqRNOHsgTGZFX59F5cd6c96/WOWc6s0N+wfn4BJxCqOA=</latexit>

xi negative: xi ·w < 0
<latexit sha1_base64="gbyHDcWVwh95Ksk00CCi8DmdNaE=">AAACK3icbVDLSgNBEJz1GeNr1aOXwSB4CrsiKOIhxIvHCCYKSQizk95kcHZ2melVw7L/48Vf8aAHH3j1P5w8EI0WNBRV3XR3BYkUBj3vzZmZnZtfWCwsFZdXVtfW3Y3NholTzaHOYxnrq4AZkEJBHQVKuEo0sCiQcBlcnw79yxvQRsTqAgcJtCPWUyIUnKGVOm61FTHsB2F2l3cEbSHcYUYV9Kx9A8c0p7993o3xW7rN6Qn1aMcteWVvBPqX+BNSIhPUOu5TqxvzNAKFXDJjmr6XYDtjGgWXkBdbqYGE8WvWg6alikVg2tno15zuWqVLw1jbUkhH6s+JjEXGDKLAdg7PNNPeUPzPa6YYHrUzoZIUQfHxojCVFGM6DI52hQaOcmAJ41rYWynvM8042niLNgR/+uW/pLFf9r2yf35QqlQncRTINtkhe8Qnh6RCzkiN1Akn9+SRvJBX58F5dt6dj3HrjDOZ2SK/4Hx+AYG1p8A=</latexit><latexit sha1_base64="gbyHDcWVwh95Ksk00CCi8DmdNaE=">AAACK3icbVDLSgNBEJz1GeNr1aOXwSB4CrsiKOIhxIvHCCYKSQizk95kcHZ2melVw7L/48Vf8aAHH3j1P5w8EI0WNBRV3XR3BYkUBj3vzZmZnZtfWCwsFZdXVtfW3Y3NholTzaHOYxnrq4AZkEJBHQVKuEo0sCiQcBlcnw79yxvQRsTqAgcJtCPWUyIUnKGVOm61FTHsB2F2l3cEbSHcYUYV9Kx9A8c0p7993o3xW7rN6Qn1aMcteWVvBPqX+BNSIhPUOu5TqxvzNAKFXDJjmr6XYDtjGgWXkBdbqYGE8WvWg6alikVg2tno15zuWqVLw1jbUkhH6s+JjEXGDKLAdg7PNNPeUPzPa6YYHrUzoZIUQfHxojCVFGM6DI52hQaOcmAJ41rYWynvM8042niLNgR/+uW/pLFf9r2yf35QqlQncRTINtkhe8Qnh6RCzkiN1Akn9+SRvJBX58F5dt6dj3HrjDOZ2SK/4Hx+AYG1p8A=</latexit><latexit sha1_base64="gbyHDcWVwh95Ksk00CCi8DmdNaE=">AAACK3icbVDLSgNBEJz1GeNr1aOXwSB4CrsiKOIhxIvHCCYKSQizk95kcHZ2melVw7L/48Vf8aAHH3j1P5w8EI0WNBRV3XR3BYkUBj3vzZmZnZtfWCwsFZdXVtfW3Y3NholTzaHOYxnrq4AZkEJBHQVKuEo0sCiQcBlcnw79yxvQRsTqAgcJtCPWUyIUnKGVOm61FTHsB2F2l3cEbSHcYUYV9Kx9A8c0p7993o3xW7rN6Qn1aMcteWVvBPqX+BNSIhPUOu5TqxvzNAKFXDJjmr6XYDtjGgWXkBdbqYGE8WvWg6alikVg2tno15zuWqVLw1jbUkhH6s+JjEXGDKLAdg7PNNPeUPzPa6YYHrUzoZIUQfHxojCVFGM6DI52hQaOcmAJ41rYWynvM8042niLNgR/+uW/pLFf9r2yf35QqlQncRTINtkhe8Qnh6RCzkiN1Akn9+SRvJBX58F5dt6dj3HrjDOZ2SK/4Hx+AYG1p8A=</latexit><latexit sha1_base64="gbyHDcWVwh95Ksk00CCi8DmdNaE=">AAACK3icbVDLSgNBEJz1GeNr1aOXwSB4CrsiKOIhxIvHCCYKSQizk95kcHZ2melVw7L/48Vf8aAHH3j1P5w8EI0WNBRV3XR3BYkUBj3vzZmZnZtfWCwsFZdXVtfW3Y3NholTzaHOYxnrq4AZkEJBHQVKuEo0sCiQcBlcnw79yxvQRsTqAgcJtCPWUyIUnKGVOm61FTHsB2F2l3cEbSHcYUYV9Kx9A8c0p7993o3xW7rN6Qn1aMcteWVvBPqX+BNSIhPUOu5TqxvzNAKFXDJjmr6XYDtjGgWXkBdbqYGE8WvWg6alikVg2tno15zuWqVLw1jbUkhH6s+JjEXGDKLAdg7PNNPeUPzPa6YYHrUzoZIUQfHxojCVFGM6DI52hQaOcmAJ41rYWynvM8042niLNgR/+uW/pLFf9r2yf35QqlQncRTINtkhe8Qnh6RCzkiN1Akn9+SRvJBX58F5dt6dj3HrjDOZ2SK/4Hx+AYG1p8A=</latexit>

labelled	input	

yt =

⇢
+1
�1

<latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit>

supervised	setting



Which	Line	to	Pick?

�33

feature coordinate

fe
at

ur
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co
or

di
na

te
xi positive: xi ·w � 0

<latexit sha1_base64="IXuHlBZ+cdzajDJrQn+LbQpj/aw=">AAACLXicbVBNS8NAEN34WetX1aOXxSJ4KokIiqeiHjxWsLXQhrDZTuriJht2J7Ul9A958a+I4KEiXv0bbmsRrT4YeLw3w8y8MJXCoOuOnLn5hcWl5cJKcXVtfWOztLXdMCrTHOpcSaWbITMgRQJ1FCihmWpgcSjhJrw7H/s3PdBGqOQaByn4MesmIhKcoZWC0kU7ZngbRnl/GAjaRuhjTlNlBIoenNIh/e3zjsJv6d66XaAuDUplt+JOQP8Sb0rKZIpaUHpudxTPYkiQS2ZMy3NT9HOmUXAJw2I7M5Ayfse60LI0YTEYP598O6T7VunQSGlbCdKJ+nMiZ7Exgzi0neNDzaw3Fv/zWhlGJ34ukjRDSPjXoiiTFBUdR0c7QgNHObCEcW0T4pTfMs042oCLNgRv9uW/pHFY8dyKd3VUrp5N4yiQXbJHDohHjkmVXJIaqRNOHsgTGZFX59F5cd6c96/WOWc6s0N+wfn4BJxCqOA=</latexit><latexit sha1_base64="IXuHlBZ+cdzajDJrQn+LbQpj/aw=">AAACLXicbVBNS8NAEN34WetX1aOXxSJ4KokIiqeiHjxWsLXQhrDZTuriJht2J7Ul9A958a+I4KEiXv0bbmsRrT4YeLw3w8y8MJXCoOuOnLn5hcWl5cJKcXVtfWOztLXdMCrTHOpcSaWbITMgRQJ1FCihmWpgcSjhJrw7H/s3PdBGqOQaByn4MesmIhKcoZWC0kU7ZngbRnl/GAjaRuhjTlNlBIoenNIh/e3zjsJv6d66XaAuDUplt+JOQP8Sb0rKZIpaUHpudxTPYkiQS2ZMy3NT9HOmUXAJw2I7M5Ayfse60LI0YTEYP598O6T7VunQSGlbCdKJ+nMiZ7Exgzi0neNDzaw3Fv/zWhlGJ34ukjRDSPjXoiiTFBUdR0c7QgNHObCEcW0T4pTfMs042oCLNgRv9uW/pHFY8dyKd3VUrp5N4yiQXbJHDohHjkmVXJIaqRNOHsgTGZFX59F5cd6c96/WOWc6s0N+wfn4BJxCqOA=</latexit><latexit sha1_base64="IXuHlBZ+cdzajDJrQn+LbQpj/aw=">AAACLXicbVBNS8NAEN34WetX1aOXxSJ4KokIiqeiHjxWsLXQhrDZTuriJht2J7Ul9A958a+I4KEiXv0bbmsRrT4YeLw3w8y8MJXCoOuOnLn5hcWl5cJKcXVtfWOztLXdMCrTHOpcSaWbITMgRQJ1FCihmWpgcSjhJrw7H/s3PdBGqOQaByn4MesmIhKcoZWC0kU7ZngbRnl/GAjaRuhjTlNlBIoenNIh/e3zjsJv6d66XaAuDUplt+JOQP8Sb0rKZIpaUHpudxTPYkiQS2ZMy3NT9HOmUXAJw2I7M5Ayfse60LI0YTEYP598O6T7VunQSGlbCdKJ+nMiZ7Exgzi0neNDzaw3Fv/zWhlGJ34ukjRDSPjXoiiTFBUdR0c7QgNHObCEcW0T4pTfMs042oCLNgRv9uW/pHFY8dyKd3VUrp5N4yiQXbJHDohHjkmVXJIaqRNOHsgTGZFX59F5cd6c96/WOWc6s0N+wfn4BJxCqOA=</latexit><latexit sha1_base64="IXuHlBZ+cdzajDJrQn+LbQpj/aw=">AAACLXicbVBNS8NAEN34WetX1aOXxSJ4KokIiqeiHjxWsLXQhrDZTuriJht2J7Ul9A958a+I4KEiXv0bbmsRrT4YeLw3w8y8MJXCoOuOnLn5hcWl5cJKcXVtfWOztLXdMCrTHOpcSaWbITMgRQJ1FCihmWpgcSjhJrw7H/s3PdBGqOQaByn4MesmIhKcoZWC0kU7ZngbRnl/GAjaRuhjTlNlBIoenNIh/e3zjsJv6d66XaAuDUplt+JOQP8Sb0rKZIpaUHpudxTPYkiQS2ZMy3NT9HOmUXAJw2I7M5Ayfse60LI0YTEYP598O6T7VunQSGlbCdKJ+nMiZ7Exgzi0neNDzaw3Fv/zWhlGJ34ukjRDSPjXoiiTFBUdR0c7QgNHObCEcW0T4pTfMs042oCLNgRv9uW/pHFY8dyKd3VUrp5N4yiQXbJHDohHjkmVXJIaqRNOHsgTGZFX59F5cd6c96/WOWc6s0N+wfn4BJxCqOA=</latexit>

xi negative: xi ·w < 0
<latexit sha1_base64="gbyHDcWVwh95Ksk00CCi8DmdNaE=">AAACK3icbVDLSgNBEJz1GeNr1aOXwSB4CrsiKOIhxIvHCCYKSQizk95kcHZ2melVw7L/48Vf8aAHH3j1P5w8EI0WNBRV3XR3BYkUBj3vzZmZnZtfWCwsFZdXVtfW3Y3NholTzaHOYxnrq4AZkEJBHQVKuEo0sCiQcBlcnw79yxvQRsTqAgcJtCPWUyIUnKGVOm61FTHsB2F2l3cEbSHcYUYV9Kx9A8c0p7993o3xW7rN6Qn1aMcteWVvBPqX+BNSIhPUOu5TqxvzNAKFXDJjmr6XYDtjGgWXkBdbqYGE8WvWg6alikVg2tno15zuWqVLw1jbUkhH6s+JjEXGDKLAdg7PNNPeUPzPa6YYHrUzoZIUQfHxojCVFGM6DI52hQaOcmAJ41rYWynvM8042niLNgR/+uW/pLFf9r2yf35QqlQncRTINtkhe8Qnh6RCzkiN1Akn9+SRvJBX58F5dt6dj3HrjDOZ2SK/4Hx+AYG1p8A=</latexit><latexit sha1_base64="gbyHDcWVwh95Ksk00CCi8DmdNaE=">AAACK3icbVDLSgNBEJz1GeNr1aOXwSB4CrsiKOIhxIvHCCYKSQizk95kcHZ2melVw7L/48Vf8aAHH3j1P5w8EI0WNBRV3XR3BYkUBj3vzZmZnZtfWCwsFZdXVtfW3Y3NholTzaHOYxnrq4AZkEJBHQVKuEo0sCiQcBlcnw79yxvQRsTqAgcJtCPWUyIUnKGVOm61FTHsB2F2l3cEbSHcYUYV9Kx9A8c0p7993o3xW7rN6Qn1aMcteWVvBPqX+BNSIhPUOu5TqxvzNAKFXDJjmr6XYDtjGgWXkBdbqYGE8WvWg6alikVg2tno15zuWqVLw1jbUkhH6s+JjEXGDKLAdg7PNNPeUPzPa6YYHrUzoZIUQfHxojCVFGM6DI52hQaOcmAJ41rYWynvM8042niLNgR/+uW/pLFf9r2yf35QqlQncRTINtkhe8Qnh6RCzkiN1Akn9+SRvJBX58F5dt6dj3HrjDOZ2SK/4Hx+AYG1p8A=</latexit><latexit sha1_base64="gbyHDcWVwh95Ksk00CCi8DmdNaE=">AAACK3icbVDLSgNBEJz1GeNr1aOXwSB4CrsiKOIhxIvHCCYKSQizk95kcHZ2melVw7L/48Vf8aAHH3j1P5w8EI0WNBRV3XR3BYkUBj3vzZmZnZtfWCwsFZdXVtfW3Y3NholTzaHOYxnrq4AZkEJBHQVKuEo0sCiQcBlcnw79yxvQRsTqAgcJtCPWUyIUnKGVOm61FTHsB2F2l3cEbSHcYUYV9Kx9A8c0p7993o3xW7rN6Qn1aMcteWVvBPqX+BNSIhPUOu5TqxvzNAKFXDJjmr6XYDtjGgWXkBdbqYGE8WvWg6alikVg2tno15zuWqVLw1jbUkhH6s+JjEXGDKLAdg7PNNPeUPzPa6YYHrUzoZIUQfHxojCVFGM6DI52hQaOcmAJ41rYWynvM8042niLNgR/+uW/pLFf9r2yf35QqlQncRTINtkhe8Qnh6RCzkiN1Akn9+SRvJBX58F5dt6dj3HrjDOZ2SK/4Hx+AYG1p8A=</latexit><latexit sha1_base64="gbyHDcWVwh95Ksk00CCi8DmdNaE=">AAACK3icbVDLSgNBEJz1GeNr1aOXwSB4CrsiKOIhxIvHCCYKSQizk95kcHZ2melVw7L/48Vf8aAHH3j1P5w8EI0WNBRV3XR3BYkUBj3vzZmZnZtfWCwsFZdXVtfW3Y3NholTzaHOYxnrq4AZkEJBHQVKuEo0sCiQcBlcnw79yxvQRsTqAgcJtCPWUyIUnKGVOm61FTHsB2F2l3cEbSHcYUYV9Kx9A8c0p7993o3xW7rN6Qn1aMcteWVvBPqX+BNSIhPUOu5TqxvzNAKFXDJjmr6XYDtjGgWXkBdbqYGE8WvWg6alikVg2tno15zuWqVLw1jbUkhH6s+JjEXGDKLAdg7PNNPeUPzPa6YYHrUzoZIUQfHxojCVFGM6DI52hQaOcmAJ41rYWynvM8042niLNgR/+uW/pLFf9r2yf35QqlQncRTINtkhe8Qnh6RCzkiN1Akn9+SRvJBX58F5dt6dj3HrjDOZ2SK/4Hx+AYG1p8A=</latexit>

labelled	input	

yt =

⇢
+1
�1

<latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit><latexit sha1_base64="19B31uI3SsmE/bl5NVarFu1yV2w=">AAACJ3icbVBNS8QwEE39tn6tevQSXARBXFoR9KKIXjwquCpsliXNTneDaVqSqVDK/hsv/hUvgoro0X9idu3BrwcDj/dmkpkXZUpaDIJ3b2x8YnJqembWn5tfWFyqLa9c2jQ3ApoiVam5jrgFJTU0UaKC68wATyIFV9HNydC/ugVjZaovsMignfCelrEUHJ3UqR0WHaT0gPpMQYyUlT6LoCd1yY3hxaBUA38rpIz526HPQHcrnTIje31sdGr1oBGMQP+SsCJ1UuGsU3ti3VTkCWgUilvbCoMM2+5VlELBwGe5hYyLG96DlqOaJ2Db5ejOAd1wSpfGqXGlkY7U7xMlT6wtksh1Jhz79rc3FP/zWjnG++1S6ixH0OLrozhXFFM6DI12pQGBqnCECyPdrlT0ueECXbS+CyH8ffJfcrnTCINGeL5bPzqu4pgha2SdbJKQ7JEjckrOSJMIckceyDN58e69R+/Ve/tqHfOqmVXyA97HJ7/hpBA=</latexit>

supervised	setting



	

Sum	of	Square	Errors	(MSE	without	the	mean)
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Loss	function:	sum	of	squared	errors

In	two	variables:	

Question:	what	is	the	best	(or	least	bad)	value	of	w?
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Least	glorious,	most	effective	of	all	methods.



1. Least	Squares	fitting 

2. Nonlinear	error	function	and	gradient	descent 

3. Perceptron	training	(simple	neural	network)

Regression
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<latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit>

↵
<latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit>

g(↵)
<latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit>
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g(↵) =
1

1 + exp(�↵)
<latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit>

↵
<latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit>

g(↵)
<latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit>



Using	squashing	(sigmoidal)	function	for	robustness

Extension	#1:	Logistic	Regression

�46

g(↵) =
1

1 + exp(�↵)
<latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit>

↵
<latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit>

g(↵)
<latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit>

Linear	regression



Using	squashing	(sigmoidal)	function	for	robustness

Extension	#1:	Logistic	Regression

�46

g(↵) =
1

1 + exp(�↵)
<latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit><latexit sha1_base64="qCwrB+G2V3wfmsuqx/43r7MKsLI=">AAACFXicbZDLSgMxFIYz9VbH26hLN8EitHhhRgTdCEU3LivYC3RKyaSZNjSTCUlGLMO8hBtfxY0LRdwK7nwb03YW2nog8PH/53By/kAwqrTrfluFhcWl5ZXiqr22vrG55WzvNFScSEzqOGaxbAVIEUY5qWuqGWkJSVAUMNIMhtdjv3lPpKIxv9MjQToR6nMaUoy0kbrOUb/sIyYGqAIvoR9KhFMvs1Pbg4fQJw+inB5P/axiZ12n5J64k4Lz4OVQAnnVus6X34txEhGuMUNKtT1X6E6KpKaYkcz2E0UEwkPUJ22DHEVEddLJVRk8MEoPhrE0j2s4UX9PpChSahQFpjNCeqBmvbH4n9dOdHjRSSkXiSYcTxeFCYM6huOIYI9KgjUbGUBYUvNXiAfIRKNNkLYJwZs9eR4apyee4duzUvUqj6MI9sA+KAMPnIMquAE1UAcYPIJn8ArerCfrxXq3PqatBSuf2QV/yvr8ASfEnE4=</latexit>

↵
<latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit><latexit sha1_base64="6EtSdgpKG2qhZbjGZ4j1QLtQzns=">AAAB7XicbZBNSwMxEIZn61etX1WPXoJF8FR2RdBj0YvHCvYD2qXMpmkbm02WJCuUpf/BiwdFvPp/vPlvTNs9aOsLgYd3ZsjMGyWCG+v7315hbX1jc6u4XdrZ3ds/KB8eNY1KNWUNqoTS7QgNE1yyhuVWsHaiGcaRYK1ofDurt56YNlzJBztJWBjjUPIBp2id1eyiSEbYK1f8qj8XWYUghwrkqvfKX92+omnMpKUCjekEfmLDDLXlVLBpqZsaliAd45B1HEqMmQmz+bZTcuacPhko7Z60ZO7+nsgwNmYSR64zRjsyy7WZ+V+tk9rBdZhxmaSWSbr4aJAKYhWZnU76XDNqxcQBUs3droSOUCO1LqCSCyFYPnkVmhfVwPH9ZaV2k8dRhBM4hXMI4ApqcAd1aACFR3iGV3jzlPfivXsfi9aCl88cwx95nz+Lg48Y</latexit>

g(↵)
<latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit><latexit sha1_base64="E2NgV49UlrZATbfxNAJ3FWhm7vs=">AAAB8HicbZBNS8NAEIYn9avWr6pHL4tFqJeSiKDHohePFeyHtKFMtpt26W4SdjdCCf0VXjwo4tWf481/47bNQVtfWHh4Z4adeYNEcG1c99sprK1vbG4Vt0s7u3v7B+XDo5aOU0VZk8YiVp0ANRM8Yk3DjWCdRDGUgWDtYHw7q7efmNI8jh7MJGG+xGHEQ07RWOtxWO2hSEZ43i9X3Jo7F1kFL4cK5Gr0y1+9QUxTySJDBWrd9dzE+Bkqw6lg01Iv1SxBOsYh61qMUDLtZ/OFp+TMOgMSxsq+yJC5+3siQ6n1RAa2U6IZ6eXazPyv1k1NeO1nPEpSwyK6+ChMBTExmV1PBlwxasTEAlLF7a6EjlAhNTajkg3BWz55FVoXNc/y/WWlfpPHUYQTOIUqeHAFdbiDBjSBgoRneIU3RzkvzrvzsWgtOPnMMfyR8/kDGAOP7g==</latexit>

Linear	regression
Logistic	regression
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Extension	#2:	Handling	Multiple	(2+)	Classes
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C	classes:	one-of-c	coding	(or	one-hot	encoding) 4	classes,	i-th	sample	is	in	3rd	class:

Extension	#2:	Handling	Multiple	(2+)	Classes
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C	classes:	one-of-c	coding	(or	one-hot	encoding) 4	classes,	i-th	sample	is	in	3rd	class:

Matrix	notation:

Loss	function:

where

Extension	#2:	Handling	Multiple	(2+)	Classes
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C	classes:	one-of-c	coding	(or	one-hot	encoding) 4	classes,	i-th	sample	is	in	3rd	class:

Least	squares	fit	(decouples	per	class):

Matrix	notation:

Loss	function:

where

Extension	#2:	Handling	Multiple	(2+)	Classes



Logistic	vs	Linear	Regression,	n>2	classes
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Logistic	vs	Linear	Regression,	n>2	classes
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Linear regression



Logistic	vs	Linear	Regression,	n>2	classes
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Linear regression Logistic regression



Logistic	vs	Linear	Regression,	n>2	classes
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Logistic regression does not exhibit the masking problem

Linear regression Logistic regression



Gradient	of	Cross-entropy	Loss
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Gradient	of	Cross-entropy	Loss

�49

nonlinear	system	of	equations!!



gradient at any point gives direction of fastest increase

Gradient	Descent	Minimization
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Idea: start at a point and move in the direction opposite to the gradient

Gradient	Descent	Minimization
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gradient at any point gives direction of fastest increase



Gradient	Descent	Minimization
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Idea: start at a point and move in the direction opposite to the gradient
gradient at any point gives direction of fastest increase



Gradient	Descent	Minimization
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Idea: start at a point and move in the direction opposite to the gradient
gradient at any point gives direction of fastest increase



Gradient	Descent	Minimization
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Update: i=0xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>

Initialize: x0
<latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit>

Idea: start at a point and move in the direction opposite to the gradient
gradient at any point gives direction of fastest increase



Gradient	Descent	Minimization
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Update: i=1xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>



Gradient	Descent	Minimization
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Update: i=1xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>



Gradient	Descent	Minimization
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Update: i=2xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>



Gradient	Descent	Minimization
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Update: i=2xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>



Update: i=3

Gradient	Descent	Minimization

�59

xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>



Gradient	Descent	Minimization
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Initialize:

Update: xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>

x0
<latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit>



Gradient	Descent	Minimization

�60

Initialize:

Update:

We	can	always	make	it	converge	for	a	convex	function.

xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>

x0
<latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit>



Gradient	Descent	Minimization

�60

Initialize:

Update:

We	can	always	make	it	converge	for	a	convex	function.

convex

xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>

x0
<latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit>



Gradient	Descent	Minimization

�60

Initialize:

Update:

We	can	always	make	it	converge	for	a	convex	function.

convex non-convex

xi+1 = xi � ↵rf(xi)
<latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit><latexit sha1_base64="zuwe2T6xJnlLhv3rSlFbPW2FCCg=">AAACLHicbVDLSgMxFM3UV62vUZdugkWoiGVGBN0IxW5cVrAP6JRyJ820oZnMkGTEMswHufFXBHFhEbd+h+ljYasHAodzziX3Hj/mTGnHGVu5ldW19Y38ZmFre2d3z94/aKgokYTWScQj2fJBUc4ErWumOW3FkkLoc9r0h9WJ33ykUrFIPOhRTDsh9AULGAFtpK5d9ULQAz9In7Juys7cDN/gBSnD59gDHg8AewJ8DjgoLQZOu3bRKTtT4L/EnZMimqPWtd+8XkSSkApNOCjVdp1Yd1KQmhFOs4KXKBoDGUKftg0VEFLVSafHZvjEKD0cRNI8ofFU/T2RQqjUKPRNcrKmWvYm4n9eO9HBdSdlIk40FWT2UZBwrCM8aQ73mKRE85EhQCQzu2IyAAlEm34LpgR3+eS/pHFRdp2ye39ZrNzO68ijI3SMSshFV6iC7lAN1RFBz+gVfaCx9WK9W5/W1yyas+Yzh2gB1vcPTFGoPA==</latexit>

x0
<latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit><latexit sha1_base64="1o0INi8kmZtFgGT6KAB7vqHI5Bo=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiQi6LLoxmUF+4CmlMl00g6dTMLMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DMnSKQw6LrfTmltfWNzq7xd2dnd2z+oHh61TZxqxlsslrHuBtRwKRRvoUDJu4nmNAok7wST29zvPHJtRKwecJrwfkRHSoSCUbSS70cUx0GYPc0G7qBac+vuHGSVeAWpQYHmoPrlD2OWRlwhk9SYnucm2M+oRsEkn1X81PCEsgkd8Z6likbc9LN55hk5s8qQhLG2TyGZq783MhoZM40CO5lnNMteLv7n9VIMr/uZUEmKXLHFoTCVBGOSF0CGQnOGcmoJZVrYrISNqaYMbU0VW4K3/OVV0r6oe27du7+sNW6KOspwAqdwDh5cQQPuoAktYJDAM7zCm5M6L86787EYLTnFzjH8gfP5Ayjckb8=</latexit>
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0 0 0

0 1 1

1 0 1

1 1 0

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>
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y = f(x1, x2)
<latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit>

0 0 0

0 1 1

1 0 1

1 1 0

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>



XOR	Problem

�61

y = f(x1, x2)
<latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit>

0 0 0

0 1 1

1 0 1

1 1 0

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="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>



XOR	Problem

�61

y = f(x1, x2)
<latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit>

0 0 0

0 1 1

1 0 1

1 1 0

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="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 = f(w0, w1, w2) = H(w0 + w1x1 + w2x2)
<latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit>



XOR	Problem

�61

y = f(x1, x2)
<latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit>

0 0 0

0 1 1

1 0 1

1 1 0

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="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 = f(w0, w1, w2) = H(w0 + w1x1 + w2x2)
<latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit>
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y = f(x1, x2)
<latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit><latexit sha1_base64="z3trewAhwWgMrf8LgZ3RWvLwWss=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBahgpSkCHoRil48VrAf0Iaw2W7apZtN3N2UhtLf4cWDIl79Md78N27bHLT1wcDjvRlm5vkxZ0rb9reVW1vf2NzKbxd2dvf2D4qHR00VJZLQBol4JNs+VpQzQRuaaU7bsaQ49Dlt+cO7md8aUalYJB51GlM3xH3BAkawNpKb3qCgPPaci7FXPfeKJbtiz4FWiZOREmSoe8Wvbi8iSUiFJhwr1XHsWLsTLDUjnE4L3UTRGJMh7tOOoQKHVLmT+dFTdGaUHgoiaUpoNFd/T0xwqFQa+qYzxHqglr2Z+J/XSXRw7U6YiBNNBVksChKOdIRmCaAek5RonhqCiWTmVkQGWGKiTU4FE4Kz/PIqaVYrjl1xHi5LtdssjjycwCmUwYErqME91KEBBJ7gGV7hzRpZL9a79bFozVnZzDH8gfX5A8H+kMY=</latexit>

0 0 0

0 1 1

1 0 1

1 1 0

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="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 = f(w0, w1, w2) = H(w0 + w1x1 + w2x2)
<latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit><latexit sha1_base64="63Wrf/Yj3Ds74pfdsaoiL8BhNbM=">AAACJHicbVDLSsNAFJ3UV62vqEs3g0VoUUoSBAURim66rGAf0IYwmU7aoZMHMxNrCP0YN/6KGxc+cOHGb3HSZqHVA3c4nHMvc+9xI0aFNIxPrbC0vLK6VlwvbWxube/ou3ttEcYckxYOWci7LhKE0YC0JJWMdCNOkO8y0nHH15nfuSNc0DC4lUlEbB8NA+pRjKSSHP0igZfQq0wc4wROHDN7rKqS+j6SI4xY2phmJjzOXHivKmOWYlbV0ctGzZgB/iVmTsogR9PR3/qDEMc+CSRmSIieaUTSThGXFDMyLfVjQSKEx2hIeooGyCfCTmdHTuGRUgbQC7mqQMKZ+nMiRb4Qie+qzmx3sehl4n9eL5beuZ3SIIolCfD8Iy9mUIYwSwwOKCdYskQRhDlVu0I8QhxhqXItqRDMxZP/krZVM42aeXNarl/lcRTBATgEFWCCM1AHDdAELYDBA3gCL+BVe9SetXftY95a0PKZffAL2tc3jXWf0w==</latexit>

X



1. Least	Squares	fitting 

2. Nonlinear	error	function	and	gradient	descent 

3. Perceptron	training	(simple	neural	network)

Regression
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Sec. 15.2.3

Lifting	to	Higher	Dimensions



Given a library of simple functions

Compose into a 

complicated function

Slide Credit: Marc'Aurelio Ranzato, Yann LeCun

Building	A	Complicated	Function



Given a library of simple functions

Compose into a 

complicated function

Idea 1: Linear Combinations 
• Boosting 

• Kernels 

• …

Building	A	Complicated	Function



Given a library of simple functions

Compose into a 

complicated function

Idea 2: Compositions 
• Decision Trees 

• Deep Learning 

Building	A	Complicated	Function



Given a library of simple functions

Compose into a 

complicated function

Idea 2: Compositions 
• Decision Trees 

• Deep Learning   

Building	A	Complicated	Function



basic building block

‘Neuron’: Cascade of Linear and Nonlinear Function



basic building block

‘Neuron’: Cascade of Linear and Nonlinear Function



Sigmoidal	activation	

basic building block

‘Neuron’: Cascade of Linear and Nonlinear Function



Sigmoidal 
(“logistic”)

Step 
(“perceptron”)

Hyperbolic 
tangent

Rectified Linear Unit 
(RELU)

function
derivative

Image Credit: Olivier Grisel and Charles Ollion

Activation	Functions



input	vector

hidden	layers

outputs

Slide credit: G. Hinton

Multi-Layer Perceptrons (~1985)
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Sec. 15.2.3

This	is	what	the	hidden	layers	
	should	be	doing!	

Reminder: Non-linear Decision Boundaries



Non-linearly  
separable data

Data mapped to 
learned space Decision function

http://colah.github.io/posts/2014-03-NN-Manifolds-Topology/

From Non-separable to Linearly Separable



Non-linearly  
separable data

Data mapped to 
learned space Decision function

http://colah.github.io/posts/2014-03-NN-Manifolds-Topology/

From Non-separable to Linearly Separable



Intuition: learn “dictionary” for objects

“Distributed representation”: 
 represent (and classify) objects by mixing & mashing reusable parts 

Slide Credit: Marc'Aurelio Ranzato, Yann LeCun

Hidden Layers: What do They Do?



Trainable  
Classifier

Low-Level  
Feature

Mid-Level  
Feature

High-Level  
Feature

“car”

Deep Learning ~ Hierarchical Composition
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Trainable  
Classifier

Low-Level  
Feature

Mid-Level  
Feature

High-Level  
Feature

“car”

Deep Learning ~ Hierarchical Composition



MLP Demo: playground.tensorflow.org

http://playground.tensorflow.org/
http://playground.tensorflow.org/


• Old	
• Backpropagation	algorithm	

• Stochastic	gradient,	momentum,	weight	decay 

• New	
• Dropout	
• Relu	
• Batch	Norm(alization),	GroupNorm,	Spectral	Normalization	

• Res(idual)	Net(work)

Neural	Network	Training:	Old	and	New	Tricks

�77



Our network implements a parametric function:

Training	Goal



Our network implements a parametric function:

During training, we search for parameters that minimize a loss:

Training	Goal



Our network implements a parametric function:

During training, we search for parameters that minimize a loss:

Example: L2 regression loss given target             pairs :

Training	Goal



empirically all are almost equally good

Multiple	Local	Minima:	Based	on	Initialization



Forward

All	You	Need	is	Gradients



Forward

Backward

All	You	Need	is	Gradients



Slide Credit: Marc'Aurelio Ranzato, Yann LeCun

Chain Rule



Slide Credit: Marc'Aurelio Ranzato, Yann LeCun

Chain Rule



‘Another Brick in the Wall’



‘Another Brick in the Wall’



Differentiation	(chain	rule	recap)
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x0

f(x0)



Differentiation	(chain	rule	recap)
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Differentiation	(chain	rule	recap)
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x0

f(x0)

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Differentiation	(chain	rule	recap)

�83

x0

f(x0)

z = f � g(x) = f(g(x))
<latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit>

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Differentiation	(chain	rule	recap)

�83

x0

f(x0)

z = f(y)

y = g(x)
<latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit>

z = f � g(x) = f(g(x))
<latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit>

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Differentiation	(chain	rule	recap)

�83

dz

dx
=
dz
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dx

=f 0(g(x))g0(x)

x0

f(x0)

z = f(y)

y = g(x)
<latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit>

z = f � g(x) = f(g(x))
<latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit>

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Differentiation	(chain	rule	recap)
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=
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=f 0(g(x))g0(x)

x0

f(x0)

z = f(y)

y = g(x)
<latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit>

= f 0(y)g0(x)
<latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit>

z = f � g(x) = f(g(x))
<latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit>

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Differentiation	(chain	rule	recap)

�83

dz

dx
=
dz

dy
· dy
dx

=f 0(g(x))g0(x)

x0

f(x0)

z = f(y)

y = g(x)
<latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit>

= f 0(y)g0(x)
<latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit>

= f 0(g(x))g0(x)
<latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit>

z = f � g(x) = f(g(x))
<latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit>

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Differentiation	(chain	rule	recap)

�83

dz

dx
=
dz

dy
· dy
dx

=f 0(g(x))g0(x)

x0

f(x0)

z = f(y)

y = g(x)
<latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit>

= f 0(y)g0(x)
<latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit>

= f 0(g(x))g0(x)
<latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit>

z = f � g(x) = f(g(x))
<latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit>

z = sin(5x)

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Differentiation	(chain	rule	recap)

�83

dz

dx
=
dz

dy
· dy
dx

=f 0(g(x))g0(x)

x0

f(x0)

z = f(y)

y = g(x)
<latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit>

= f 0(y)g0(x)
<latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit>

= f 0(g(x))g0(x)
<latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit>

z = f � g(x) = f(g(x))
<latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit>

=
d sin(5x)

d(5x)

d(5x)

dx
<latexit sha1_base64="vKtIw84hskscpDdl3ZBXQ5XhWq8=">AAACGXicbVDLSgMxFL3js9bXqEs3wSLUTZkRRTdC0Y3LCvYB7VAyaaYNzWSGJCMtQ3/Djb/ixoUiLnXl35i2o2jrgcC559zLzT1+zJnSjvNpLSwuLa+s5tby6xubW9v2zm5NRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O637/auzX76hULBK3ehhTL8RdwQJGsDZS23YuUCuQmKQd1FJMFE8HRyNkignJf1s/8mDUtgtOyZkAzRM3IwXIUGnb761ORJKQCk04VqrpOrH2Uiw1I5yaHYmiMSZ93KVNQwUOqfLSyWUjdGiUDgoiaZ7QaKL+nkhxqNQw9E1niHVPzXpj8T+vmejg3EuZiBNNBZkuChKOdITGMaEOk5RoPjQEE8nMXxHpYZOGNmHmTQju7MnzpHZccp2Se3NSKF9mceRgHw6gCC6cQRmuoQJVIHAPj/AML9aD9WS9Wm/T1gUrm9mDP7A+vgCXlp4q</latexit><latexit sha1_base64="vKtIw84hskscpDdl3ZBXQ5XhWq8=">AAACGXicbVDLSgMxFL3js9bXqEs3wSLUTZkRRTdC0Y3LCvYB7VAyaaYNzWSGJCMtQ3/Djb/ixoUiLnXl35i2o2jrgcC559zLzT1+zJnSjvNpLSwuLa+s5tby6xubW9v2zm5NRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O637/auzX76hULBK3ehhTL8RdwQJGsDZS23YuUCuQmKQd1FJMFE8HRyNkignJf1s/8mDUtgtOyZkAzRM3IwXIUGnb761ORJKQCk04VqrpOrH2Uiw1I5yaHYmiMSZ93KVNQwUOqfLSyWUjdGiUDgoiaZ7QaKL+nkhxqNQw9E1niHVPzXpj8T+vmejg3EuZiBNNBZkuChKOdITGMaEOk5RoPjQEE8nMXxHpYZOGNmHmTQju7MnzpHZccp2Se3NSKF9mceRgHw6gCC6cQRmuoQJVIHAPj/AML9aD9WS9Wm/T1gUrm9mDP7A+vgCXlp4q</latexit><latexit sha1_base64="vKtIw84hskscpDdl3ZBXQ5XhWq8=">AAACGXicbVDLSgMxFL3js9bXqEs3wSLUTZkRRTdC0Y3LCvYB7VAyaaYNzWSGJCMtQ3/Djb/ixoUiLnXl35i2o2jrgcC559zLzT1+zJnSjvNpLSwuLa+s5tby6xubW9v2zm5NRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O637/auzX76hULBK3ehhTL8RdwQJGsDZS23YuUCuQmKQd1FJMFE8HRyNkignJf1s/8mDUtgtOyZkAzRM3IwXIUGnb761ORJKQCk04VqrpOrH2Uiw1I5yaHYmiMSZ93KVNQwUOqfLSyWUjdGiUDgoiaZ7QaKL+nkhxqNQw9E1niHVPzXpj8T+vmejg3EuZiBNNBZkuChKOdITGMaEOk5RoPjQEE8nMXxHpYZOGNmHmTQju7MnzpHZccp2Se3NSKF9mceRgHw6gCC6cQRmuoQJVIHAPj/AML9aD9WS9Wm/T1gUrm9mDP7A+vgCXlp4q</latexit><latexit sha1_base64="vKtIw84hskscpDdl3ZBXQ5XhWq8=">AAACGXicbVDLSgMxFL3js9bXqEs3wSLUTZkRRTdC0Y3LCvYB7VAyaaYNzWSGJCMtQ3/Djb/ixoUiLnXl35i2o2jrgcC559zLzT1+zJnSjvNpLSwuLa+s5tby6xubW9v2zm5NRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O637/auzX76hULBK3ehhTL8RdwQJGsDZS23YuUCuQmKQd1FJMFE8HRyNkignJf1s/8mDUtgtOyZkAzRM3IwXIUGnb761ORJKQCk04VqrpOrH2Uiw1I5yaHYmiMSZ93KVNQwUOqfLSyWUjdGiUDgoiaZ7QaKL+nkhxqNQw9E1niHVPzXpj8T+vmejg3EuZiBNNBZkuChKOdITGMaEOk5RoPjQEE8nMXxHpYZOGNmHmTQju7MnzpHZccp2Se3NSKF9mceRgHw6gCC6cQRmuoQJVIHAPj/AML9aD9WS9Wm/T1gUrm9mDP7A+vgCXlp4q</latexit>

z = sin(5x)

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Differentiation	(chain	rule	recap)

�83

dz

dx
=
dz

dy
· dy
dx

=f 0(g(x))g0(x)

x0

f(x0)

z = f(y)

y = g(x)
<latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit><latexit sha1_base64="LNeAGhjfMD34l73dFQ6Q/OEPoYw=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BItQL2VXBL0IRS8eK9gPaJeSTbNtaDa7JllxWfonvHhQxKt/x5v/xrTdg7Y+GHi8N8PMPD8WXBvH+UaFldW19Y3iZmlre2d3r7x/0NJRoihr0khEquMTzQSXrGm4EawTK0ZCX7C2P76Z+u1HpjSP5L1JY+aFZCh5wCkxVuqk+AoPq0+n/XLFqTkz4GXi5qQCORr98ldvENEkZNJQQbTuuk5svIwow6lgk1Iv0SwmdEyGrGupJCHTXja7d4JPrDLAQaRsSYNn6u+JjIRap6FvO0NiRnrRm4r/ed3EBJdexmWcGCbpfFGQCGwiPH0eD7hi1IjUEkIVt7diOiKKUGMjKtkQ3MWXl0nrrOY6NffuvFK/zuMowhEcQxVcuIA63EIDmkBBwDO8wht6QC/oHX3MWwsonzmEP0CfP3xQjvA=</latexit>

= f 0(y)g0(x)
<latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit><latexit sha1_base64="hO6Qcowu/mV6fCAGjNSzhawUd48=">AAAB9HicbVBNS8NAEJ3Ur1q/qh69LBZpeymJCHoRil48VrAf0Iay2W7apZtN3N0UQ+jv8OJBEa/+GG/+G7dtDtr6YODx3gwz87yIM6Vt+9vKra1vbG7ltws7u3v7B8XDo5YKY0lok4Q8lB0PK8qZoE3NNKedSFIceJy2vfHtzG9PqFQsFA86iagb4KFgPiNYG8m9Rn65klTRsFx5qvaLJbtmz4FWiZOREmRo9ItfvUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/OgpOjPKAPmhNCU0mqu/J1IcKJUEnukMsB6pZW8m/ud1Y+1fuSkTUaypIItFfsyRDtEsATRgkhLNE0MwkczcisgIS0y0yalgQnCWX14lrfOaY9ec+4tS/SaLIw8ncAoVcOAS6nAHDWgCgUd4hld4sybWi/VufSxac1Y2cwx/YH3+AMuokCc=</latexit>

= f 0(g(x))g0(x)
<latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit><latexit sha1_base64="BTu5215SoAhNkA3wuTNgKDXRv5M=">AAAB+XicbVDLSsNAFL3xWesr6tLNYJG2m5KIoBuh6MZlBfuANpTJdJIOnUzCzKRYQv/EjQtF3Pon7vwbp20W2nrgcg/n3MvcOX7CmdKO822trW9sbm0Xdoq7e/sHh/bRcUvFqSS0SWIey46PFeVM0KZmmtNOIimOfE7b/uhu5rfHVCoWi0c9SagX4VCwgBGsjdS37RsUlCth5alaRWHZtL5dcmrOHGiVuDkpQY5G3/7qDWKSRlRowrFSXddJtJdhqRnhdFrspYommIxwSLuGChxR5WXzy6fo3CgDFMTSlNBorv7eyHCk1CTyzWSE9VAtezPxP6+b6uDay5hIUk0FWTwUpBzpGM1iQAMmKdF8YggmkplbERliiYk2YRVNCO7yl1dJ66LmOjX34bJUv83jKMApnEEFXLiCOtxDA5pAYAzP8ApvVma9WO/Wx2J0zcp3TuAPrM8f0iSRLQ==</latexit>

z = f � g(x) = f(g(x))
<latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit><latexit sha1_base64="Xr+4UjV/i3sBTxsXlhk743QThus=">AAACB3icbZDLSgMxFIbP1Futt1GXggSL0G7KjAi6EYpuXFawF2iHkkkzbWgmMyQZsZbu3Pgqblwo4tZXcOfbmE5noa0/BL785xyS8/sxZ0o7zreVW1peWV3Lrxc2Nre2d+zdvYaKEklonUQ8ki0fK8qZoHXNNKetWFIc+pw2/eHVtN68o1KxSNzqUUy9EPcFCxjB2lhd+/ABXaAAdQiTBPVR6b6c3kszLHftolNxUqFFcDMoQqZa1/7q9CKShFRowrFSbdeJtTfGUjPC6aTQSRSNMRniPm0bFDikyhune0zQsXF6KIikOUKj1P09McahUqPQN50h1gM1X5ua/9XaiQ7OvTETcaKpILOHgoQjHaFpKKjHJCWajwxgIpn5KyIDLDHRJrqCCcGdX3kRGicV16m4N6fF6mUWRx4O4AhK4MIZVOEaalAHAo/wDK/wZj1ZL9a79TFrzVnZzD78kfX5A/fHlYU=</latexit>

=
d sin(5x)

d(5x)

d(5x)

dx
<latexit sha1_base64="vKtIw84hskscpDdl3ZBXQ5XhWq8=">AAACGXicbVDLSgMxFL3js9bXqEs3wSLUTZkRRTdC0Y3LCvYB7VAyaaYNzWSGJCMtQ3/Djb/ixoUiLnXl35i2o2jrgcC559zLzT1+zJnSjvNpLSwuLa+s5tby6xubW9v2zm5NRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O637/auzX76hULBK3ehhTL8RdwQJGsDZS23YuUCuQmKQd1FJMFE8HRyNkignJf1s/8mDUtgtOyZkAzRM3IwXIUGnb761ORJKQCk04VqrpOrH2Uiw1I5yaHYmiMSZ93KVNQwUOqfLSyWUjdGiUDgoiaZ7QaKL+nkhxqNQw9E1niHVPzXpj8T+vmejg3EuZiBNNBZkuChKOdITGMaEOk5RoPjQEE8nMXxHpYZOGNmHmTQju7MnzpHZccp2Se3NSKF9mceRgHw6gCC6cQRmuoQJVIHAPj/AML9aD9WS9Wm/T1gUrm9mDP7A+vgCXlp4q</latexit><latexit sha1_base64="vKtIw84hskscpDdl3ZBXQ5XhWq8=">AAACGXicbVDLSgMxFL3js9bXqEs3wSLUTZkRRTdC0Y3LCvYB7VAyaaYNzWSGJCMtQ3/Djb/ixoUiLnXl35i2o2jrgcC559zLzT1+zJnSjvNpLSwuLa+s5tby6xubW9v2zm5NRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O637/auzX76hULBK3ehhTL8RdwQJGsDZS23YuUCuQmKQd1FJMFE8HRyNkignJf1s/8mDUtgtOyZkAzRM3IwXIUGnb761ORJKQCk04VqrpOrH2Uiw1I5yaHYmiMSZ93KVNQwUOqfLSyWUjdGiUDgoiaZ7QaKL+nkhxqNQw9E1niHVPzXpj8T+vmejg3EuZiBNNBZkuChKOdITGMaEOk5RoPjQEE8nMXxHpYZOGNmHmTQju7MnzpHZccp2Se3NSKF9mceRgHw6gCC6cQRmuoQJVIHAPj/AML9aD9WS9Wm/T1gUrm9mDP7A+vgCXlp4q</latexit><latexit sha1_base64="vKtIw84hskscpDdl3ZBXQ5XhWq8=">AAACGXicbVDLSgMxFL3js9bXqEs3wSLUTZkRRTdC0Y3LCvYB7VAyaaYNzWSGJCMtQ3/Djb/ixoUiLnXl35i2o2jrgcC559zLzT1+zJnSjvNpLSwuLa+s5tby6xubW9v2zm5NRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O637/auzX76hULBK3ehhTL8RdwQJGsDZS23YuUCuQmKQd1FJMFE8HRyNkignJf1s/8mDUtgtOyZkAzRM3IwXIUGnb761ORJKQCk04VqrpOrH2Uiw1I5yaHYmiMSZ93KVNQwUOqfLSyWUjdGiUDgoiaZ7QaKL+nkhxqNQw9E1niHVPzXpj8T+vmejg3EuZiBNNBZkuChKOdITGMaEOk5RoPjQEE8nMXxHpYZOGNmHmTQju7MnzpHZccp2Se3NSKF9mceRgHw6gCC6cQRmuoQJVIHAPj/AML9aD9WS9Wm/T1gUrm9mDP7A+vgCXlp4q</latexit><latexit sha1_base64="vKtIw84hskscpDdl3ZBXQ5XhWq8=">AAACGXicbVDLSgMxFL3js9bXqEs3wSLUTZkRRTdC0Y3LCvYB7VAyaaYNzWSGJCMtQ3/Djb/ixoUiLnXl35i2o2jrgcC559zLzT1+zJnSjvNpLSwuLa+s5tby6xubW9v2zm5NRYkktEoiHsmGjxXlTNCqZprTRiwpDn1O637/auzX76hULBK3ehhTL8RdwQJGsDZS23YuUCuQmKQd1FJMFE8HRyNkignJf1s/8mDUtgtOyZkAzRM3IwXIUGnb761ORJKQCk04VqrpOrH2Uiw1I5yaHYmiMSZ93KVNQwUOqfLSyWUjdGiUDgoiaZ7QaKL+nkhxqNQw9E1niHVPzXpj8T+vmejg3EuZiBNNBZkuChKOdITGMaEOk5RoPjQEE8nMXxHpYZOGNmHmTQju7MnzpHZccp2Se3NSKF9mceRgHw6gCC6cQRmuoQJVIHAPj/AML9aD9WS9Wm/T1gUrm9mDP7A+vgCXlp4q</latexit>

= 5 cos(5x)
<latexit sha1_base64="ak0c2tKXSLG2uPL0iTsTCaSkqVA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVi16EohePFewHtGvJptk2NJssSVYtS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb2iZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw+uJ33ygSjMp7swopn6E+4KFjGBjpftLVEEdInWp8nSCULdQdMvuFGiReBkpQoZat/DV6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k+nV4/RsVV6KJTKljBoqv6eSHGk9SgKbGeEzUDPexPxP6+dmPDCT5mIE0MFmS0KE46MRJMIUI8pSgwfWYKJYvZWRAZYYWJsUHkbgjf/8iJpnJY9t+zdnhWrV1kcOTiEIyiBB+dQhRuoQR0IKHiGV3hzHp0X5935mLUuOdnMAfyB8/kDkFuQlw==</latexit><latexit sha1_base64="ak0c2tKXSLG2uPL0iTsTCaSkqVA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVi16EohePFewHtGvJptk2NJssSVYtS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb2iZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw+uJ33ygSjMp7swopn6E+4KFjGBjpftLVEEdInWp8nSCULdQdMvuFGiReBkpQoZat/DV6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k+nV4/RsVV6KJTKljBoqv6eSHGk9SgKbGeEzUDPexPxP6+dmPDCT5mIE0MFmS0KE46MRJMIUI8pSgwfWYKJYvZWRAZYYWJsUHkbgjf/8iJpnJY9t+zdnhWrV1kcOTiEIyiBB+dQhRuoQR0IKHiGV3hzHp0X5935mLUuOdnMAfyB8/kDkFuQlw==</latexit><latexit sha1_base64="ak0c2tKXSLG2uPL0iTsTCaSkqVA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVi16EohePFewHtGvJptk2NJssSVYtS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb2iZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw+uJ33ygSjMp7swopn6E+4KFjGBjpftLVEEdInWp8nSCULdQdMvuFGiReBkpQoZat/DV6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k+nV4/RsVV6KJTKljBoqv6eSHGk9SgKbGeEzUDPexPxP6+dmPDCT5mIE0MFmS0KE46MRJMIUI8pSgwfWYKJYvZWRAZYYWJsUHkbgjf/8iJpnJY9t+zdnhWrV1kcOTiEIyiBB+dQhRuoQR0IKHiGV3hzHp0X5935mLUuOdnMAfyB8/kDkFuQlw==</latexit><latexit sha1_base64="ak0c2tKXSLG2uPL0iTsTCaSkqVA=">AAAB9XicbVBNSwMxEJ31s9avqkcvwSLUS9kVi16EohePFewHtGvJptk2NJssSVYtS/+HFw+KePW/ePPfmLZ70NYHA4/3ZpiZF8ScaeO6387S8srq2npuI7+5tb2zW9jbb2iZKELrRHKpWgHWlDNB64YZTluxojgKOG0Gw+uJ33ygSjMp7swopn6E+4KFjGBjpftLVEEdInWp8nSCULdQdMvuFGiReBkpQoZat/DV6UmSRFQYwrHWbc+NjZ9iZRjhdJzvJJrGmAxxn7YtFTii2k+nV4/RsVV6KJTKljBoqv6eSHGk9SgKbGeEzUDPexPxP6+dmPDCT5mIE0MFmS0KE46MRJMIUI8pSgwfWYKJYvZWRAZYYWJsUHkbgjf/8iJpnJY9t+zdnhWrV1kcOTiEIyiBB+dQhRuoQR0IKHiGV3hzHp0X5935mLUuOdnMAfyB8/kDkFuQlw==</latexit>

z = sin(5x)

slope: f 0(x0)
<latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit><latexit sha1_base64="wnPq1+LwoMwCPwGXAgncycG1UF0=">AAAB/3icbVDLSgNBEJyNrxhfUcGLl8EgxkvYFUHxFPTiMYJ5QBLC7KQ3GTL7YKZXEtYc/BUvHhTx6m9482+cJHvQxIKGoqqb7i43kkKjbX9bmaXlldW17HpuY3Nreye/u1fTYaw4VHkoQ9VwmQYpAqiiQAmNSAHzXQl1d3Az8esPoLQIg3scRdD2WS8QnuAMjdTJH7QQhphoGUZwRcfUOykOO/ZpJ1+wS/YUdJE4KSmQFJVO/qvVDXnsQ4BcMq2bjh1hO2EKBZcwzrViDRHjA9aDpqEB80G3k+n9Y3pslC71QmUqQDpVf08kzNd65Lum02fY1/PeRPzPa8boXbYTEUQxQsBni7xYUgzpJAzaFQo4ypEhjCthbqW8zxTjaCLLmRCc+ZcXSe2s5Ngl5+68UL5O48iSQ3JEisQhF6RMbkmFVAknj+SZvJI368l6sd6tj1lrxkpn9skfWJ8/kyOVIg==</latexit>



Toy Example: Single Sigmoidal Unit 



Composition of differentiable blocks: 

Toy Example: Single Sigmoidal Unit 



Computation	Graph	and	Automatic	Differentiation

Slide Credit: Justin Johnson



Slide credit: G. Hinton

Multi-Layer	Perceptrons	(~1985)

input	vector

hidden	layers

outputs



input	vector

hidden	layers

outputs

Slide credit: G. Hinton

Multi-Layer	Perceptrons	(~1985)



input	vector

hidden	layers

outputs

Slide credit: G. Hinton

Multi-Layer	Perceptrons	(~1985)
Compare	outputs	with	
current	answer	to	get	

error	signal



input	vector

hidden	layers

outputs

Slide credit: G. Hinton

Multi-Layer	Perceptrons	(~1985)

Back-propagate																
error	signal	to	get	

derivatives	for	learning

Compare	outputs	with	
current	answer	to	get	

error	signal



Inputs Outputs

Hidden	layer

Parameters:

A	Neural	Network	for	Multi-way	Classification	



A	Neural	Network	in	Forward	Mode



A	Neural	Network	in	Forward	Mode



A	Neural	Network	in	Forward	Mode



A	Neural	Network	in	Forward	Mode



Ground 
truth

Objective	for	Linear	Regression

L2	loss



Softmax unit

Ground 
truth

‘Cross-entropy’	loss

Objective	for	Multi-class	Classification



Inputs Outputs

Hidden	layer

Parameters:

A	Neural	Network	for	Multi-way	Classification	



Network	output:

Loss	(prediction	error):		

What	we	need	to	compute	for	gradient	descent:	

Neural	Network	in	Forward	Mode:	Recap



A	Neural	Network	in	Backward	Mode



Hidden	layer

This	we	want ?

A	Neural	Network	in	Backward	Mode



?This	we	want

A	Neural	Network	in	Backward	Mode



Linear	Layer	in	Forward	Mode:	All	For	One



Linear	Layer	in	Backward	Mode:	All	For	One



Linear	Layer	in	Backward	Mode:	All	For	One



Linear	Layer	in	Backward	Mode:	All	For	One



Linear	Layer	Parameters	in	Backward:	1-to-1



Linear	Layer	Parameters	in	Backward:	1-to-1



Linear	Layer	Parameters	in	Backward:	1-to-1



This	we	want

Hidden	layer

This	we	have This	we	computed

A	Neural	Network	in	Backward	Mode



This	we	want

Hidden	layer

This	we	have This	we	computed

A	Neural	Network	in	Backward	Mode



A	Neural	Network	in	Backward	Mode



A	Neural	Network	in	Backward	Mode



A	Neural	Network	in	Backward	Mode



A	Neural	Network	in	Backward	Mode



A	Neural	Network	in	Backward	Mode



A	Neural	Network	in	Backward	Mode



A	Neural	Network	in	Backward	Mode



A	Neural	Network	in	Backward	Mode



• Old	
• Backpropagation	algorithm	

• Stochastic	gradient,	momentum,	weight	decay 

• New	
• Dropout	
• Relu	
• Batch	Norm(alization),	GroupNorm,	Spectral	Normalization	

• Res(idual)	Net(work)

Neural	Network	Training:	Old	and	New	Tricks

�107



Per-sample	loss Per-layer	regularization

Training Objective for N training samples



Gradient descent:

Per-sample	loss Per-layer	regularization

Training Objective for N training samples



Gradient descent:

(l,k,m) element of gradient vector:

Per-sample	loss Per-layer	regularization

Training Objective for N training samples



Gradient descent:

(l,k,m) element of gradient vector:

Per-sample	loss Per-layer	regularization

Training Objective for N training samples



Back-prop for  
i-th example

Gradient descent:

(l,k,m) element of gradient vector:

Per-sample	loss Per-layer	regularization

Training Objective for N training samples



Back-prop for  
i-th example

If N=106 , to update W once need to back-prop 106  times!

Gradient descent:

(l,k,m) element of gradient vector:

Per-sample	loss Per-layer	regularization

Training Objective for N training samples



Gradient: Batch:	[1..N]

Regularization	in	SGD:	Weight	Decay



Gradient:

Noisy	(‘Stochastic’)	Gradient:
b(1),	b(2),…,	b(B):	randomly	sampled	from	[1,N]

Minibatch:	B	elements	

Batch:	[1..N]

Regularization	in	SGD:	Weight	Decay



Gradient:

Back-prop	on	minibatch

Noisy	(‘Stochastic’)	Gradient:
b(1),	b(2),…,	b(B):	randomly	sampled	from	[1,N]

Minibatch:	B	elements	

Batch:	[1..N]

Regularization	in	SGD:	Weight	Decay



Weight	decay

Gradient:

Back-prop	on	minibatch

Noisy	(‘Stochastic’)	Gradient:
b(1),	b(2),…,	b(B):	randomly	sampled	from	[1,N]

Minibatch:	B	elements	

Batch:	[1..N]

Regularization	in	SGD:	Weight	Decay



Weight	decay

Gradient:

Back-prop	on	minibatch

Noisy	(‘Stochastic’)	Gradient:
b(1),	b(2),…,	b(B):	randomly	sampled	from	[1,N]

Minibatch:	B	elements	

Epoch:	N	samples,	N/B	batches

Batch:	[1..N]

Regularization	in	SGD:	Weight	Decay



Learning Rate



(S)GD	with	Adaptable	Stepsize



(S)GD	with	Adaptable	Stepsize



e.g.

(S)GD	with	Adaptable	Stepsize



Main idea: retain long-term trend of updates, drop oscillations

(S)GD	with	Momentum

Wt+1 = Wt � ✏trWL(Wt)
<latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit>



Main idea: retain long-term trend of updates, drop oscillations

(S)GD	with	Momentum

Wt+1 = Wt � ✏trWL(Wt)
<latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit>



Main idea: retain long-term trend of updates, drop oscillations

(S)GD

(S)GD	with	Momentum

Wt+1 = Wt � ✏trWL(Wt)
<latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit>



Main idea: retain long-term trend of updates, drop oscillations

(S)GD

(S)GD + momentum

(S)GD	with	Momentum

Wt+1 = Wt � ✏trWL(Wt)
<latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit><latexit sha1_base64="+j+HV42jGasD0Zm07eo+UBBn8jk="></latexit>



• Nesterov’s	Accelerated	Gradient	(NAG)	
• R-prop		
• AdaGrad			
• RMSProp		

• AdaDelta		
• Adam	

• …

Step-size	Selection	&	Optimizers



SIGGRAPH	Asia	Course	CreativeAI:	Deep	Learning	for	Graphics �114

Course	Information	(slides/code/comments)

http://geometry.cs.ucl.ac.uk/creativeai/



Niloy Mitra Iasonas Kokkinos Paul Guerrero Nils Thuerey Tobias Ritschel

UCL UCL/Facebook UCL TUM UCL

CreativeAI: Deep Learning for Graphics

NN Tricks & Architectures



Stochastic Gradient Descent, Momentum, “weight decay”

Dropout
ReLUs
Batch Normalization

Old: (80’s)

New: (last 5-6 years)

Neural Network Training: Old & New Tricks



Reminder: Overfitting, in images
Classification

Regression

just right



Each sample is processed by a ‘decimated’ neural net

Decimated nets: distinct classifiers
But: they should all do the same job

Dropout



Dropout Performance



Stochastic Gradient Descent, Momentum, “weight decay”

Dropout
ReLUs
Batch Normalization

Old: (80’s)

New: (last 5-6 years)

Neural Network Training: Old & New Tricks



Sigmoidal (“logistic”) Rectified Linear Unit (RELU)

‘Neuron’: Cascade of Linear and Nonlinear Function 



Outputs
Gradient signal from above scaling: <1  (actually <0.25)

Reminder: a network in backward mode 



Gradient signal from above
scaling: <1  (actually <0.25)

Do this 10 times: updates in the first layers get minimal

Top layer knows what to do, lower layers “don’t get it”

Sigmoidal Unit: Signal is not getting through! 

Vanishing Gradients Problem



Scaling: {0,1}

Vanishing Gradients Problem: ReLU Solves It
Gradient signal from above



Activation Functions: ReLU & Co

Great! But… no gradient for negative half-space.

Lots of follow up work: LeakyReLU, eLU, etc.

Can improve results, but typically fine-tuning only.



Stochastic Gradient Descent, Momentum, “weight decay”

Dropout
ReLUs

Batch Normalization

Old: (80’s)

New: (last 5-6 years)

Neural Network Training: Old & New 
Tricks



10 am 2pm 7pm

External Covariate Shift: your input changes



• Make each patch have zero mean: 

• Then make it have unit variance:

Photometric  transformation:   I → a I + b

“Whitening”: Set Mean = 0, Variance = 1



Neural network activations during training: moving target

Internal Covariate Shift



Whiten-as-you-go: 

Batch Normalization



Batch Normalization: Used in all current systems



Convolutional Neural Networks



Example:  200x200 image 
                  40K hidden units 

         ~1.6B parameters!!!

- Spatial correlation is local 
- Waste of resources  
- We don’t have enough training samples anyway…

Fully-connected Layer 



Example: 200x200 image 
                40K hidden units 
                Filter size: 10x10 

      4M parameters

Locally-connected Layer 

Note: This parameterization is good 
when input image is registered (e.g., 
face recognition).



Note: This parameterization is good 
when input image is registered (e.g., 
face recognition).

Example: 200x200 image 
                40K hidden units 
                Filter size: 10x10 

      4M parameters

Locally-connected Layer 



Share the same parameters across different 
locations (assuming input is stationary): 
Convolutions with learned kernels

Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Convolutional Layer 



Fully-connected layer 

#of parameters: K2 



#of parameters: size of window 

Convolutional layer 



*        
-1  0  1 
-1  0  1 
-1  0  1

=        

Convolutional layer 



Code example 
Learning an edge filter

 42



Learn multiple filters.

E.g.: 200x200 image 
        100 Filters 
        Filter size: 10x10 

   10K parameters 

Convolutional layer 



Conv. 
layer

h1
n− 1

h2
n− 1

h3
n− 1

h1
n

h2
n

output 
feature map

input feature 
map

kernel

Convolutional layer with ReLU activation 

ReLU
Activation



h1
n− 1

h2
n− 1

h3
n− 1

h1
n

h2
n

output 
feature map

input feature 
map

kernel

Convolutional layer with ReLU activation 



h1
n− 1

h2
n− 1

h3
n− 1

h1
n

h2
n

output 
feature map

input feature 
map

kernel

Convolutional layer with ReLU activation 



De-convolutional layer with ReLU activation 

No real inverse - but convolutions can easily go the other way

De-conv. 
layer

h1
n− 1

h2
n− 1

h3
n− 1

h1
n

h2
n

“De-convolution” or “Transposed convolution”

Also a convolution with transposed weight tensor

Still holds,
same structure



Pooling layer 



Pooling layer 



Pooling layer: receptive field size 



Pooling layer: receptive field size 



Receptive field



Receptive field: layer 1



Receptive field: layer 2



Receptive field: layer 3



Receptive field: layer 4



Receptive field: layer 5



Receptive field: layer 6



Receptive field: layer 7



Receptive field: layer 8



Modern Architectures



INPUT 
32x32

Convolutions SubsamplingConvolutions

C1: feature maps 
6@28x28

Subsampling

S2: f. maps
6@14x14

S4: f. maps 16@5x5
C5: layer
120

C3: f. maps 16@10x10

F6: layer
 84

Full connection
Full connection

Gaussian connections

OUTPUT
 10

Gradient-based learning applied to document recognition, 
Y. LeCun, L. Bottou, Y. Bengio, and P. Haffner, 1998.

https://www.youtube.com/watch?v=FwFduRA_L6Q

CNNs, late 1980’s: LeNet 



deep learning = neural networks (+ big data  + GPUs) + a few more recent tricks!

What happened in between?



AlexNet  
Alex Krizhevsky, Ilya Sutskever, Geoffrey E. Hinton: 
ImageNet classification with deep convolutional neural 
networks. Commun. ACM 60(6): 84-90 (2017)

CNNs, 2012



VGG 
Karen Simonyan, Andrew Zisserman  (=Visual Geometry Group) 
Very Deep Convolutional Networks for Large-Scale Image Recognition, arxiv, 2014. 

CNNs, 2014: VGG



Christian Szegedy, Wei Liu, Yangqing Jia, Pierre Sermanet, Scott Reed, 
Dragomir Anguelov, Dumitru Erhan, Vincent Vanhoucke, Andrew Rabinovich 
Going Deeper with Convolutions, CVPR 2015  

CNNs, 2014: GoogLeNet



ResNet 
Kaiming He, Xiangyu Zhang, Shaoqing Ren, Jian Sun, 
Deep Residual Learning for Image Recognition, CVPR 2016.  

CNNs, 2015: ResNet



• Deeper networks can cover more complex problems 
• Increasingly large receptive field size & rich patterns 

The Deeper, the Better



• From 2 to 10: 2010-2012 
• ReLUs 
• Dropout 
• …

Going Deeper



• From 10 to 20: 2015 
• Batch Normalization

Going Deeper



• From 20 to 100/1000 
• Residual networks

Going Deeper



• Plain nets: stacking 3x3 conv layers 
• 56-layer net has higher training error and test error than 20-layer net

Plain Network: Deeper is not necessarily better



Naïve solution 
• If extra layers are an identity 

mapping, then  training errors can 
not increase

Residual Network



• Goal: estimate update between an original image and a changed image 

Some 
Network

residual

Preserving base information

can treat 
perturbation 

Residual Modelling: Basic idea in image processing



• Plain block 
• Difficult to make identity 

mapping because of multiple 
non-linear layers

Residual Network



• Residual block 
• If identity were optimal, easy to set 

weights as 0 
• If optimal mapping is closer to 

identity, easier to find small 
fluctuations 

Appropriate for treating perturbation as 
keeping a base information

Residual Network



• Deeper ResNets have lower training error

Residual Network: Deeper is better



Residual Network: Deeper is better



CNNs, 2017: DenseNet
Densely Connected Convolutional Networks, CVPR 2017 
Gao Huang, Zhuang Liu, Laurens van der Maaten, Kilian Q. Weinberger

Recently proposed, better performance/parameter ratio



Image-to-Image 



Image-to-image
• So far we mapped an image image to a number or label 
• In graphics, output often is “richer”: 

• An image 
• A volume 
• A 3D mesh 
• … 

• Note: “image” just placeholder name here for any Eulerian data 
• Architectures 

• Encoder-Decoder 
• Skip connections



FCNN

Fully-convolutional Neural Networks



FCNN

Fully-convolutional Neural Networks



FCNN

Fully-convolutional Neural Networks



FCNN

Fully-convolutional Neural Networks



FCNN

Fully-convolutional Neural Networks

Flexible - works with varying input sizes 
 



FCNN

Flexible - works with varying input sizes 
Typically reduces input by fixed factor

32-fold decimation 
224x224 to 7x7

Fully Convolutional Neural Networks in Practice



Graphics: Multiresolution



Encoder-Decoder
S

pa
ce

S
pace

Features



Interpretation
• Encoder: turns data set (e.g. image) into vector 

• This vector is a very compact and abstract “code” 

• Lives in the “latent space” of the neural network 

• Decoder: turns code back into image



Encoder-Decoder

Learning to simplify. Simo-Serra et al. 2016



Up-sampling
• We saw 

• … how to keep resolution 
• … how to reduce it with pooling 

• But how to increase it again? 

• Options 
• Interpolation 
• Padding (insert zeros) 
• Transpose convolutions



Encoder-decoder + Skip connections
• 1st: Reduce resolutions as before 
• 2nd: Increase resolution 
• Transposed convolutions 
• Preserves information 
• But cannot be split into en- and 

decoder anymore

U-Net: Convolutional Networks for Biomedical Image Segmentatio. Ronneberger et al. 2015



Encoder-decoder with skip connections

Features

Skip link

S
pa

ce
S

pace



Interpretation
• Turns image into vector 
• Turns vector back into image 
• At every step of increasing the resolution, check back with the input 

to preserve details 
• Familiar trick to graphics people 

• (Haar) wavelet 
• Residual coding 
• Pyramidal schemes (Laplacian pyramid, etc.)



Recurrent Neural Networks



Recurrent Neural Networks
• Time dependent problems: repeated evaluations with internal “state”
• State xt at time t, depends on previous times
• Recurrent Neural Networks (RNNs)
• Specialized back-prop possible: Back-propagation through time (BPTT)
• Unrolled:



Common Building Block: LSTM Units
• Long short term memory (LSTM) networks
• Three internal states: input, output, forget

standard standard

history, stored data

weight new vs. stored data

forget stored data

control amount of data output



Common Building Block: LSTM Units
• Long short term memory (LSTM) networks
• In equation form:

[Sutskever et al., “Sequence to Sequence Learning with Neural Networks”, 2014]



Recurrent Neural Networks
• LSTM networks powerful tool for sequences over time
• Alternatives: 

- Gated Recurrent Units (GRUs)
- Time convolutional networks (TCNs)
- …

[Bai et al., "An empirical evaluation of generic convolutional and recurrent networks for sequence modeling”, 2018]
[Chung et al., "Empirical evaluation of gated recurrent neural networks on sequence modeling”,2014]



Deep Learning Frameworks



…

(Python)

(Python, C++, Java)

(C++, Python, Matlab)

(Python, backends support other languages)

Main frameworks

Currently less frequently used

(Python, 
C++, C#)

(Python, C++, 
and others)

(Matlab) (Python, Java, 
Scala)

(Python) (Python, C++)(Python)



Popularity

Google Trends for search terms: “[name] tutorial”

Google Trends for search terms: “[name] github”



Typical Training Steps

for i = 1 .. max_iterations

     input, ground_truth = load_minibatch(data, i)

     output = network_evaluate(input, parameters)
 
     loss = compute_loss(output, ground_truth)

     # gradients of loss with respect to parameters
     gradients = network_backpropagate(loss, parameters)
 
     parameters = optimizer_step(parameters, gradients)



Tensors
• Frameworks typically represent data as tensors 
• Examples:

feature channels 
C

spatial width 
W

spatial height H

batches B

4D convolution kernel: OC x IC x KH x KW4D input data: B x C x H x W

input channels IC

kernel height KH
kernel width KW

output channels 
OC



What Does a Deep Learning Framework Do?
• Tensor math 
• Common network operations/layers 
• Gradients of common operations 
• Backpropagation 
• Optimizers 
• GPU implementations of the above 
• usually: data loading, network parameter saving/loading 
• sometimes: distributed computing



Automatic Differentiation & the Computation Graph

parameters = (weight, bias)

output = σ(weight * input + bias) 
 
loss = (output - ground_truth)^2 

# gradients of loss with respect to 
parameters 
gradients = backpropagate(loss, 
parameters)

weight

input

bias +

*

ground_truth

-

^
2

loss

output
σ

𝑜1

𝑜2

𝑜3

+

*
𝜕 loss

𝜕 weight

-

^

loss

σ

𝜕 loss
𝜕 bias

𝜕 loss
𝜕 𝑜1

𝜕 loss
𝜕 𝑜2

𝜕 loss
𝜕 output 

𝜕 loss
𝜕 𝑜3

forward pass backward pass

Since loss is a scalar, the gradients 
are the same size as the parameters



Automatic Differentiation & the Computation Graph

𝑓
inputs

outputs

𝑓

outputs = forward(inputs, )

𝜕 loss
𝜕 parameters 

𝜕 loss
𝜕 inputs

 

𝜕 loss
𝜕 outputs

parameters

 ,   = backward()



Static vs Dynamic Computation Graphs
• Static analysis allows optimizations and distributing workload 
• Dynamic graphs make data-driven control flow easier 

• In static graphs, the graph is usually defined in a separate ‘language’ 

• Static graphs have less support for debugging

Static Dynamic
define once, 

evaluate during training
define implicitly by running operations, 

a new graph is created in each evaluation

x = Variable()
loss = if_node(x < parameter[0], 
    x + parameter[0], 
    x - parameter[1]) 

for i = 1 .. max_iterations
x = data() 
run(loss) 
backpropagate(loss, parameters)

for i = 1 .. max_iterations
x = data() 
if x < parameter[0] 

loss = x + parameter[0] 
else 

loss = x – parameter[1] 
backpropagate(loss, parameters)



Tensorflow
• Currently the largest community 
• Static graphs (dynamic graphs are in development: Eager Execution) 
• Good support for deployment 
• Good support for distributed computing 
• Typically slower than the other three main frameworks on a single 

GPU



PyTorch
• Fast growing community 
• Dynamic graphs 
• Distributed computing is in development (some support is already 

available) 
• Intuitive code, easy to debug and good for experimenting with less 

traditional architectures due to dynamic graphs 
• Very Fast



Keras
• A high-level interface for various backends (Tensorflow, CNTK, 

Theano) 
• Intuitive high-level code 
• Focus on optimizing time from idea to code 
• Static graphs



Caffe
• Created earlier than Tensorflow, PyTorch or Keras 
• Less flexible and less general than the other three frameworks 
• Static graphs 
• Legacy - to be replaced by Caffe2: focus is on performance and 

deployment 
• Facebook’s platform for Detectron (Mask-RCNN, DensePose, …)



Converting Between Frameworks
• Example: develop in one framework, deploy in another 
• Currently: a large range of converters, but no clear standard 
• Standardized model formats are in development

convertor tensorflow pytorch keras  caffe caffe2 CNTK chainer mxnet

tensorflow  - pytorch-tf/ 
MMdnn

model-converters/ 
nn_toolsconvert-to-
tensorflow/MMdnn

MMdnn/ 
nn_tools None crosstalk/MMdnn None MMdnn

pytorch  pytorch2keras (over 
Keras) - Pytorch2keras/ 

nn-transfer

Pytorch2caffe/
pytorch-caffe-

darknet-convert
onnx-caffe2 ONNX None None

keras 

nn_tools /convert-to-
tensorflow/

keras_to_tensorflow/
keras_to_tensorflow/

MMdnn

MMdnn/ 
nn-transfer - MMdnnnn_tools None MMdnn None MMdnn

caffe  MMdnn/nn_tools/
caffe-tensorflow

MMdnn/ 
pytorch-caffe-

darknet-
convert/ 

pytorch-resnet

caffe_weight_converter
/ caffe2keras/nn_tools/ 

kerascaffe2keras/ 
Deep_Learning_Model_

Converter/MMdnn

- CaffeToCaffe2 crosstalkcaffe/
CaffeConverterMMdnn None

mxnet/tools/
caffe_converter/

ResNet_caffe2mxnet/
MMdnn

caffe2 None ONNX None None - ONNX None None
CNTK MMdnn ONNX MMdnn MMdnn MMdnn ONNX - None MMdnn

chainer None chainer2pytorc
h None None None None - None

mxnet MMdnn MMdnn MMdnn MMdnn/MXNet2Caffe/ 
Mxnet2Caffe None MMdnn None -

from https://github.com/ysh329/deep-learning-model-convertor

https://github.com/leonidk/pytorch-tf
https://github.com/Microsoft/MMdnn
https://github.com/triagemd/model-converters
https://github.com/hahnyuan/nn_tools
https://github.com/goranrauker/convert-to-tensorflow
https://github.com/goranrauker/convert-to-tensorflow
https://github.com/goranrauker/convert-to-tensorflow
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/hahnyuan/nn_tools
https://github.com/Microsoft/CNTK/tree/master/bindings/python/cntk/contrib/crosstalk
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/nerox8664/pytorch2keras
https://github.com/nerox8664/pytorch2keras
https://github.com/gzuidhof/nn-transfer
https://github.com/gzuidhof/nn-transfer
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/longcw/pytorch2caffe
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/onnx/onnx-caffe2
https://github.com/hahnyuan/nn_tools
https://github.com/goranrauker/convert-to-tensorflow
https://github.com/goranrauker/convert-to-tensorflow
https://github.com/alanswx/keras_to_tensorflow
https://github.com/amir-abdi/keras_to_tensorflow
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/gzuidhof/nn-transfer
https://github.com/gzuidhof/nn-transfer
https://github.com/Microsoft/MMdnn
https://github.com/hahnyuan/nn_tools
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/hahnyuan/nn_tools
https://github.com/ethereon/caffe-tensorflow
https://github.com/Microsoft/MMdnn
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/marvis/pytorch-caffe-darknet-convert
https://github.com/ruotianluo/pytorch-resnet
https://github.com/pierluigiferrari/caffe_weight_converter
https://github.com/qxcv/caffe2keras
https://github.com/hahnyuan/nn_tools
https://github.com/MarcBS/keras
https://github.com/OdinLin/caffe2keras
https://github.com/jamescfli/Deep_Learning_Model_Converter
https://github.com/Microsoft/MMdnn
https://caffe2.ai/docs/caffe-migration.html#caffe-to-caffe2
https://github.com/Microsoft/CNTK/tree/master/bindings/python/cntk/contrib/crosstalkcaffe
https://github.com/Microsoft/CNTK/tree/master/bindings/python/cntk/contrib/crosstalkcaffe
https://github.com/Microsoft/CNTK/tree/master/bindings/python/cntk/contrib/crosstalkcaffe
https://github.com/Microsoft/MMdnn
https://github.com/dmlc/mxnet/tree/master/tools/caffe_converter
https://github.com/dmlc/mxnet/tree/master/tools/caffe_converter
https://github.com/dmlc/mxnet/tree/master/tools/caffe_converter
https://github.com/nicklhy/ResNet_caffe2mxnet
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/vzhong/chainer2pytorch
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/Microsoft/MMdnn
https://github.com/cypw/MXNet2Caffe
https://github.com/wranglerwong/Mxnet2Caffe
https://github.com/Microsoft/MMdnn


MMdnn

• Standard format for models 
• Native support in 

development for Pytorch, 
Caffe2, Chainer, CNTK, and 
MxNet 

• Converter in development for 
Tensorflow

• Converters  
available for  
several 
frameworks 

• Common intermediate  
representation, but no clear standard
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Thank you!
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Feature Visualization



Timetable

2SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Niloy Paul Nils

Introduction 2:15 pm X X X

Machine Learning Basics ∼ 2:25 pm X

Neural Network Basics ∼ 2:55 pm X

Feature Visualization ∼ 3:25 pm X

Alternatives to Direct Supervision ∼ 3:35 pm X

15 min. break

Image Domains 4:15 pm X

3D Domains ∼ 4:45 pm X

Motion and Physics ∼ 5:15 pm X

Discussion ∼ 5:45 pm X X X
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• Features (activations)
• Weights (filter kernels in a CNN)
• Attribution: input parts that contribute to a given activation
• Inputs that maximally activate some class probabilities or features
• Inputs that maximize the error (adversarial examples)

What to Visualize

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 3



• In good training, features are usually sparse
• Can find “dead” features that never activate

Feature Samples

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 4

Images from: http://cs231n.github.io/understanding-cnn/

feature channels

spatial width

spatial height



• Low-dimensional embedding of the features for visualization

Feature Distribution using t-SNE

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 5

Images from: https://cs.stanford.edu/people/karpathy/cnnembed/ and
Rauber et al. Visualizing the Hidden Activity of Artificial Neural Networks. TVCG 2017

t-SNE embedding of image features
in a CNN layer t-SNE embedding of MNIST (images of digits) features in a CNN layer, colored by class

before training after training



• Low-dimensional embedding of the features for visualization

Feature Distribution using t-SNE

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 6

Images from: https://cs.stanford.edu/people/karpathy/cnnembed/ and
Rauber et al. Visualizing the Hidden Activity of Artificial Neural Networks. TVCG 2017

t-SNE embedding of image features
in a CNN layer t-SNE embedding of MNIST (images of digits) features in a CNN layer, colored by class

evolution during training



• Useful for CNN kernels, not useful for fully connected layers
• Kernels are typically smooth and diverse after a successful training

Weights (Filter Kernels)

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 7

Images from: http://cs231n.github.io/understanding-cnn/

first layer filters of AlexNet input channels * output channels

kernel height
kernel width

conv



Code Examples

8

Filter Visualization

http://geometry.cs.ucl.ac.uk/creativeai



Attribution by Approximate Inversion

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 9

• Reconstruct Input from a given feature channel
• What information does the feature channel focus on?

Zeiler and Fergus, Visualizing and Understanding Convolutional Networks, ECCV 2014



Perturbation-based Attribution

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 10

Probability for correct classification when centering the box at each pixel.

Zeiler and Fergus, Visualizing and Understanding Convolutional Networks, ECCV 2014



• Derivative of class probability w.r.t input pixels
• Which parts of the input is the class probability sensitive to?

Gradient-based Attribution

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 11

Smilkov et al., SmoothGrad: removing noise by adding noise, arXiv 2017



Inputs that Maximize Feature Response

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 12

Local maxima of the response for class:
Indian Cobra Pelican Ground Beetle

Images from: Yosinski et al. Understanding Neural Networks Through Deep Visualization. ICML 2015



Inputs that Maximize the Error

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 13

Images from: Goodfellow et al. Explaining and Harnessing Adversarial Examples. ICLR 2015

“Panda” 55.7% conf. “Gibbon” 99.3% conf.



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 14
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Timetable

2SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Niloy Paul Nils

Introduction 2:15 pm X X X

Machine Learning Basics ∼ 2:25 pm X

Neural Network Basics ∼ 2:55 pm X

Feature Visualization ∼ 3:25 pm X

Alternatives to Direct Supervision ∼ 3:35 pm X

15 min. break

Image Domains 4:15 pm X

3D Domains ∼ 4:45 pm X

Motion and Physics ∼ 5:15 pm X

Discussion ∼ 5:45 pm X X X
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Unsupervised Learning

• There is no direct ground truth for the quantity of interest

• Autoencoders
• Variational Autoencoders (VAEs)
• Generative Adversarial Networks (GANs)



Autoencoders

Encoder

Input data

Goal: Meaningful features that capture the main 
factors of variation in the dataset
• These are good for classification, clustering, 

exploration, generation, …
• We have no ground truth for them 

Features

Slide Credit: Fei-Fei Li, Justin Johnson, Serena Yeung, CS 231n



Autoencoders

Encoder

Input data

Features
(Latent variables)

Decoder

Goal: Meaningful features that capture the main 
factors of variation
Features that can be used to reconstruct the image

Slide Credit: Fei-Fei Li, Justin Johnson, Serena Yeung, CS 231n

L2 Loss function: 



Autoencoders

Autoencoder

Original

PCA

Linear Transformation for Encoder and Decoder
give result close to PCA

Deeper networks give better reconstructions,
since basis can be non-linear

Image Credit: Reducing the Dimensionality of Data with Neural Networks, . Hinton and Salakhutdinov



Example: Document Word Prob. → 2D Code

PCA-based Autoencoder

Image Credit: Reducing the Dimensionality of Data with Neural Networks, Hinton and Salakhutdinov



Example: Semi-Supervised Classification

• Many images, but few ground truth labels

Encoder

Input data

Features
(Latent Variables)

Decoder
L2 Loss function: 

start unsupervised
train autoencoder on many images

supervised fine-tuning
train classification network on labeled images

Slide Credit: Fei-Fei Li, Justin Johnson, Serena Yeung, CS 231n

Encoder

Features

Classifier

Predicted Label

Loss function 
(Softmax, etc)

GT Label



Code example

9

Autoencoder

geometry.cs.ucl.ac.uk/creativeai



Generative Models

• Assumption: the dataset are samples from an unknown distribution
• Goal: create a new sample from                  that is not in the dataset

… ?
Dataset Generated

Image credit: Progressive Growing of GANs for Improved Quality, Stability, and Variation, Karras et al.



Generative Models

• Assumption: the dataset are samples from an unknown distribution
• Goal: create a new sample from                  that is not in the dataset

…
Dataset Generated

Image credit: Progressive Growing of GANs for Improved Quality, Stability, and Variation, Karras et al.



Generative Models

Generator with
parameters

known and
easy to sample from



Generative Models

Generator with
parameters

known and
easy to sample from

1) Likelihood of data in 

2) Adversarial game:
Discriminator distinguishes

and
Generator makes it
hard to distinguish

vs

How to measure similarity of               and                     ?

Generative Adversarial Networks (GANs)

Variational Autoencoders (VAEs)



Autoencoders as Generative Models?

• A trained decoder transforms some features    
to approximate samples from

• What happens if we pick a random   ?
• We do not know the distribution          of 

features that decode to likely samples

Decoder = Generator?

Image Credit: Reducing the Dimensionality of Data with Neural 
Networks, Hinton and Salakhutdinov

ra
nd

om

Feature space / latent space



Variational Autoencoders (VAEs)

• Pick a parametric distribution           for features
• The generator maps           to an image 

distribution             (where    are parameters)

• Train the generator to maximize the likelihood 
of the data in            :

Generator with
parameters

sa
m

pl
e



Outputting a Distribution

Generator with
parameters

sa
m

pl
e

Generator with
parameters

sa
m

pl
e

Normal distribution Bernoulli distribution



Variational Autoencoders (VAEs)

• Pick a parametric distribution           for features
• The generator maps           to an image 

distribution             (where    are parameters)

• Train the generator to maximize the likelihood 
of the data in            :

Generator with
parameters

sa
m

pl
e



Variational Autoencoders (VAEs):
Naïve Sampling (Monte-Carlo)

• Approximate Integral with Monte-Carlo in each iteration
• SGD approximates the sum over data

Maximum likelihood of data in generated distribution:



Variational Autoencoders (VAEs):
Naïve Sampling (Monte-Carlo)

sa
m

pl
e

Generator with
parameters

Loss function: 

Random from dataset

• Approximate Integral with Monte-Carlo in each 
iteration

• SGD approximates the expectancy over data



Variational Autoencoders (VAEs):
Naïve Sampling (Monte-Carlo)

sa
m

pl
e

Generator with
parameters

Loss function: 

Random from dataset

• Approximate Integral with Monte-Carlo in each 
iteration

• SGD approximates the expectancy over data
• Only few    map close to a given 
• Very expensive, or very inaccurate (depending on 

sample count)with non-zero



Variational Autoencoders (VAEs):
The Encoder

• During training, another network can learn a 
distribution of good    for a given

• should be much smaller than 
• A single sample is good enough

Generator with
parameters

sa
m

pl
e

Encoder with
parameters 

Loss function: 



Variational Autoencoders (VAEs):
The Encoder

• Can we still easily sample a new   ?
• Need to make sure                  approximates
• Regularize with KL-divergence
• Negative loss can be shown to be a lower bound 

for the likelihood, and equivalent if 

Generator with
parameters

sa
m

pl
e

Encoder with
parameters 

Loss function: 



Example when                                                              :

Reparameterization Trick

Generator with
parameters

sa
m

pl
e

Encoder with
parameters 

Backprop? Backprop
sa

m
pl

e

, where

Encoder with
parameters 

Does not depend on
parameters



Feature Space of Autoencoders vs. VAEs

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 24

Autoencoder VAE



Generating Data
sa

m
pl

e

Generator with
parameters

sa
m

pl
e

MNIST Frey Faces

Image Credit: Auto-Encoding Variational Bayes, Kingma and Welling



Demos
VAE on MNIST

https://www.siarez.com/projects/variational-
autoencoder

26

https://www.siarez.com/projects/variational-autoencoder


Code example

27

Variational Autoencoder

geometry.cs.ucl.ac.uk/creativeai



Generative Adversarial Networks

Player 2: discriminator
Scores if it can distinguish
between real and fake

real/fake

from dataset

Player 1: generator
Scores if discriminator
can’t distinguish output
from real image



Generative Models

Generator with
parameters

known and
easy to sample from

1) Likelihood of data in 

2) Adversarial game:
Discriminator distinguishes

and
Generator makes it
hard to distinguish

vs

How to measure similarity of               and                     ?

Generative Adversarial Networks (GANs)

Variational Autoencoders (VAEs)



Why Adversarial?

• If discriminator approximates                  :
• at maximum of                   has lowest loss
• Optimal             has single mode at     , small variance

sa
m

pl
e

Image Credit: How (not) to Train your Generative Model: Scheduled 
Sampling, Likelihood, Adversary?, Ferenc Huszár

: generator
with parameters

: discriminator
with parameters



Why Adversarial?

• For GANs, the discriminator instead approximates:

sa
m

pl
e

depends on the generator

Image Credit: How (not) to Train your Generative Model: Scheduled 
Sampling, Likelihood, Adversary?, Ferenc Huszár

: generator
with parameters

: discriminator
with parameters



Why Adversarial?

VAEs:
Maximize likelihood of
data samples in

Maximize likelihood of
generator samples in
approximate

GANs:
Adversarial game

Image Credit: How (not) to Train your Generative Model: Scheduled 
Sampling, Likelihood, Adversary?, Ferenc Huszár



Why Adversarial?

VAEs:
Maximize likelihood of
data samples in

Maximize likelihood of
generator samples in
approximate

GANs:
Adversarial game

Image Credit: How (not) to Train your Generative Model: Scheduled 
Sampling, Likelihood, Adversary?, Ferenc Huszár



GAN Objective
sa

m
pl

e

:generator

:discriminator

probability that    
is not fake

fake/real classification loss (BCE):

Discriminator objective:

Generator objective:



Non-saturating Heuristic

Generator loss is negative binary cross-entropy:
poor convergence

Negative BCE

Image Credit: NIPS 2016 Tutorial: Generative Adversarial 
Networks, Ian Goodfellow



Non-saturating Heuristic

Negative BCE
BCE with flipped target

Flip target class instead of flipping the sign for generator loss:
good convergence – like BCE

Generator loss is negative binary cross-entropy:
poor convergence

Image Credit: NIPS 2016 Tutorial: Generative Adversarial 
Networks, Ian Goodfellow



GAN Training

from dataset

Loss:

Di
sc

rim
in

at
or

 tr
ai

ni
ng

sa
m

pl
e

:generator

:discriminator

Loss:
Ge

ne
ra

to
r t

ra
in

in
g

:discriminator

Interleave in each training step



DCGAN

• First paper to successfully use CNNs with GANs
• Due to using novel components (at that time) like batch norm., ReLUs, etc.

Image Credit: Unsupervised Representation Learning with Deep 
Convolutional Generative Adversarial Networks, Radford et al.



Code example

40

Generative Adversarial Network

geometry.cs.ucl.ac.uk/creativeai



Conditional GANs (CGANs)
• ≈ learn a mapping between images from example pairs
• Approximate sampling from a conditional distribution                

Image Credit: Image-to-Image Translation with Conditional 
Adversarial Nets, Isola et al.



Conditional GANs

from dataset

Loss:

Di
sc

rim
in

at
or

 tr
ai

ni
ng

:discrim.

sa
m

pl
e

:generator

Loss:

:discriminator

Ge
ne

ra
to

r t
ra

in
in

g

Image Credit: Image-to-Image Translation with Conditional 
Adversarial Nets, Isola et al.



is often omitted
in favor of dropout
in the generator

Conditional GANs: Low Variation per Condition

from dataset

Loss:

Di
sc

rim
in

at
or

 tr
ai

ni
ng

:discrim.

:generator

Loss:

:discriminator

Ge
ne

ra
to

r t
ra

in
in

g

Image Credit: Image-to-Image Translation with Conditional 
Adversarial Nets, Isola et al.



Demos
CGAN

https://affinelayer.com/pixsrv/index.html

44

https://affinelayer.com/pixsrv/index.html


Unstable Training
GAN training can be unstable
Three current research problems (may be related):
• Reaching a Nash equilibrium (the gradient for both        and         is 0)
• and            initially don’t overlap
• Mode Collapse



Generator and Data Distribution Don’t Overlap

Image Credit: Amortised MAP Inference for Image Super-
resolution, Sønderby et al.

Roth et al. suggest an analytic convolution with a gaussian:
Stabilizing Training of Generative Adversarial Networks
through Regularization, Roth et al. 2017

Instance noise: adding noise to generated and real images Wasserstein GANs: EMD as distance between      and 

Standard



Mode Collapse

after n training steps

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

only covers one or a few modes of 

Optimal                 :

Image Credit: Wasserstein GAN, Arjovsky et al.
Unrolled Generative Adversarial Networks, Metz et al.



Mode Collapse
Solution attempts:
• Minibatch comparisons:  Discriminator can compare instances in a 

minibatch (Improved Techniques for Training GANs, Salimans et al.)

• Unrolled GANs: Take k steps with the discriminator in each iteration, and 
backpropagate through all of them to update the generator

after n training steps

0 5000 10000 15000 20000 25000 30000 35000 40000 45000 50000

Standard GAN
Unrolled GAN with k=5

after n training steps

Image Credit: Wasserstein GAN, Arjovsky et al.
Unrolled Generative Adversarial Networks, Metz et al.



Summary
• Autoencoders

• Can infer useful latent representation for a dataset
• Bad generators

• VAEs
• Can infer a useful latent representation for a dataset
• Better generators due to latent space regularization
• Lower quality reconstructions and generated samples (usually blurry)

• GANs
• Can not find a latent representation for a given sample (no encoder)
• Usually better generators than VAEs
• Currently unstable training (active research)
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Timetable

2

Niloy Paul Nils

Introduction 2:15 pm X X X

Machine Learning Basics ∼ 2:25 pm X

Neural Network Basics ∼ 2:55 pm X

Feature Visualization ∼ 3:25 pm X

Alternatives to Direct Supervision ∼ 3:35 pm X

15 min. break

Image Domains 4:15 pm X

3D Domains ∼ 4:45 pm X

Motion and Physics ∼ 5:15 pm X

Discussion ∼ 5:45 pm X X X

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics
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Examples of deep learning techniques that are commonly used in the image 
domain:
• Common Architecture Elements

(Dilated Convolution, Grouped Convolutions)
• Deep Features

(Autoencoders, Transfer Learning, One-shot Learning, Style Transfer)
• Adversarial Image Generation

(GANs, CGANs)
• Interesting Trends

(Attention, “Gray Box” Learning)

Overview

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 3



Common Architecture Elements

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 4



Classification, Segmentation, Detection

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 5

Images from: Canziani et al., An Analysis of Deep Neural Network Models for Practical Applications, arXiv 2017
Blog: https://towardsdatascience.com/neural-network-architectures-156e5bad51ba

ImageNet classification performance
(for up-to-date top-performers see leaderboards of datasets like ImageNet or COCO)
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Some notable architecture elements shared by many successful architectures:

Architecture Elements

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 6

Grouped
Convolutions

Dilated
Convolutions

Residual Blocks
and Dense Blocks

Skip Connections
(UNet)

Attention
(Spatial and over Channels)



Problem: increasing the receptive field costs a lots of parameters.
Idea: spread out the samples used in each convolution.

Dilated (Atrous) Convolutions

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 7

Images from: Dumoulin and Visin, A guide to convolution arithmetic for deep learning, arXiv 2016
Yu and Koltun, Multi-scale Context Aggregation by Dilated Convolutions, ICLR 2016

dilated convolution
1st layer: not dilated

3x3 recep. field
2nd layer: 1-dilated

7x7 recep. field
3rd layer: 2-dilated
15x15 recep. field



Problem: increasing the receptive field costs a lots of parameters.
Idea: spread out the samples used for a convolution.

Dilated (Atrous) Convolutions

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 8

Dumoulin and Visin, A guide to convolution arithmetic for deep learning, arXiv 2016

dilated convolution

1st layer: not dilated
3x3 recep. field

2nd layer: 1-dilated
7x7 recep. field

3rd layer: 2-dilated
15x15 recep. field

Input image

…



Problem: conv. parameters grow quadratically in the number of channels
Idea: split channels into groups, remove connections between different groups

Grouped Convolutions (Inception Modules)

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 9

n channels

Image from: Xie et al., Aggregated Residual Transformations for Deep Neural Networks, CVPR 2017

n/3 ch.

n/3 ch.

n/3 ch.

n/3 ch.

n/3 ch.

n/3 ch.

n/3 ch.

n/3 ch.

n/3 ch.

n channels

group3group1 group2



Example: Sketch Simplification

Learning to Simplify: Fully Convolutional Networks for Rough Sketch Cleanup, Simo-Serra et al.

11



Example: Sketch Simplification
• Loss for thin edges saturates easily
• Authors take extra steps to align input and ground truth edges

Pencil: input
Red: ground truth

Learning to Simplify: Fully Convolutional Networks for Rough Sketch Cleanup, Simo-Serra et al.

12



Image Decomposition
• A selection of methods:
• Direct Instrinsics, Narihira et al., 2015
• Learning Data-driven Reflectance Priors for Intrinsic Image Decomposition, Zhou et al., 

2015
• Decomposing Single Images for Layered Photo Retouching, Innamorati et al. 2017
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Image Decomposition: Decomposing
Single Images for Layered Photo Retouching
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Example Application: Denoising



Deep Features
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• Features learned by deep networks are useful for a large range of tasks.
• An autoencoder is a simple way to obtain these features.
• Does not require additional supervision.

Autoencoders
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Encoder

Input data

Decoder

L2 Loss function: 

Reconstruction

useful features (latent vectors)

Manash Kumar Mandal, Implementing PCA, Feedforward and Convolutional Autoencoders and using it for Image Reconstruction, Retrieval & Compression, 
https://blog.manash.me/



Shared Feature Space: Interactive Garments
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useful features (latent vectors)

Wang et al., Learning a Shared Shape Space for Multimodal Garment Design, Siggraph Asia 2018

representation 1 representation 2

representation 3



Transfer Learning
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original task
(normals)

3D edges

encoder decoderinput image

new task
(edges)

Images from: Zamir et al., Taskonomy: Disentangling Task Transfer Learning, CVPR 2018

useful features
(latent vectors)

Features extracted by well-trained CNNs often generalize beyond the task 
they were trained on



Taxonomy of Tasks: Taskonomy

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 20

Images from: Zamir et al., Taskonomy: Disentangling Task Transfer Learning, CVPR 2018

http://taskonomy.stanford.edu/api/



Taxonomy of Tasks: Taskonomy
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Images from: Zamir et al., Taskonomy: Disentangling Task Transfer Learning, CVPR 2018



• With a good feature space, tasks 
become easier

• In classification, for example, nearest 
neighbors might already be good 
enough

• Often trained with a Siamese network, 
to optimize the metric in feature space

Few-shot, One-shot Learning
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https://hackernoon.com/one-shot-learning-with-siamese-networks-in-pytorch-8ddaab10340e

Feature training:
lots of examples from

class subset A

One-shot:
train regressor with

one example of each class
in class subset B

regressor (e.g. NN)

feature
computation



• Combine content from image A with style from image B

Style Transfer
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Images from: Gatys et al., Image Style Transfer using Convolutional Neural Networks, CVPR 2016



What is Style and Content?
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Remember that features in a CNN often generalize well.
Define style and content using the layers of a CNN (VGG19 for example):

shallow layers 
describe style

deeper layers 
describe content



Optimize for Style A and Content B
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same pre-trained networks, fix weights

same style features

same content features

A B

optimize to have same style/content features



Style Transfer: Follow-Ups
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more control over the result

Images from: Gatys, et al., Controlling Perceptual Factors in Neural Style Transfer, CVPR 2017
Johnson et al., Perceptual Losses for Real-Time Style Transfer and Super-Resolution, ECCV 2016

feed-forward networks



Style Transfer for Videos

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 27
Ruder et al., Artistic Style Transfer for Videos, German Conference on Pattern Recognition 2016






Adversarial Image Generation

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 28



Generative Adversarial Networks

Player 1: generator
Scores if discriminator
can’t distinguish output
from real image

Player 2: discriminator
Scores if it can distinguish
between real and fake

real/fake

from dataset



GANs to CGANs (Conditional GANs)
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GAN

increasingly determined by the condition

Karras et al., Progressive Growing of GANs for Improved Quality, Stability, and Variation, ICLR 2018
Kelly and Guerrero et al., FrankenGAN: Guided Detail Synthesis for Building Mass Models using Style-Synchonized GANs, Siggraph Asia 2018

Isola et al., Image-to-Image Translation with Conditional Adversarial Nets, CVPR 2017
Image Credit: Zhu et al. , Unpaired Image-to-Image Translation using Cycle-Consistent Adversarial Networks , ICCV 2017

GAN CGAN



Image-to-image Translation
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• ≈ learn a mapping between images from example pairs
• Approximate sampling from a conditional distribution                

Image Credit: Image-to-Image Translation with Conditional Adversarial Nets, Isola et al.



Problem: A good loss function is often hard to find
Idea: Train a network to discriminate between network output and ground truth

Adversarial Loss vs. Manual Loss
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?

Images from: Simo-Serra, Iizuka and Ishikawa, Mastering Sketching, Siggraph 2018



CycleGANs

• Less supervision than CGANs: mapping between unpaired datasets
• Two GANs + cycle consistency

Image Credit: Unpaired Image-to-Image Translation using Cycle-
Consistent Adversarial Networks, Zhu et al.



CycleGAN: Two GANs …
• Not conditional, so this alone does not constrain generator input and output to match

:generator1

:discriminator1

:generator2

:discriminator2

no
t c

on
st

ra
in

ed
 to

 m
at

ch
 y

et

Image Credit: Unpaired Image-to-Image Translation using Cycle-Consistent Adversarial Networks, Zhu et al.



CycleGAN: … and Cycle Consistency

:generator1

:generator2 :generator1

:generator2

L1 Loss function: L1 Loss function: 

Image Credit: Unpaired Image-to-Image Translation using Cycle-
Consistent Adversarial Networks, Zhu et al.



The Conditional Distribution in CGANs
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Image from: Zhu et al., Toward Multimodal Image-to-Image Translation, NIPS 2017
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Pi
x2

Pi
x

The Conditional Distribution in CGANs

Zhu et al., Toward Multimodal Image-to-Image Translation, NIPS 2017



BicycleGAN
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generatorencoder

KL-divergence
loss

L2 loss



BicycleGAN

SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics 39

generatorencoder

KL-divergence
loss

L2 loss discriminator

adversarial loss

encoder

L2 loss

cycle 1

cycle 2



FrankenGAN
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2nd step:
texture

3rd step:
sem. labels

input:
façade shape

1st step:
window/door

layout

BicycleGAN BicycleGAN BicycleGAN
separate

training sets:



Progressive GAN
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• Resolution is increased progressively during training
• Also other tricks like using minibatch statistics and normalizing feature vectors

Karras et al., Progressive Growing of GANs for Improved Quality, Stability, and Variation, ICLR 2018



Condition does not have to be an image

StackGAN
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low-res generator low-res disc.

high-res generator high-res disc.

condition This flower has white petals
with a yellow tip and a yellow pistil 

A large bird has large thighs and large wings that 
have white wingbars

Zhang et al., StackGAN: Text to Photo-realistic Image Synthesis with Stacked Generative Adversarial Networks, ICCV 2017



Disentanglement
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Entangled: different properties may be mixed up over all dimensions
Disentangled: different properties are in different dimensions

specified property: number

ot
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r p
ro
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rt
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specified property: character
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Mathieu et al., Disentangling factors of variation in deep representations using adversarial training, NIPS 2016



Attention and Gray Box Learning
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Attention in Deep Learning
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input

Why is this hard for the network?
1) Locality of convolutions
2) Driven only by data from shallower layers (no semantics)

UNet output

target: horizontal mirroring



Attention in Deep Learning
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Problem: architecture constrains information flow. For example, in a typical 
CNN, at a given image location (red), information about other image locations 
(grey) is available in a resolution that depends on the spatial distance.

receptive field
for high-res
information

receptive field for low-res information
high spatial
resolution

low spatial
resolution

input
image

layer 1
features

layer 2
features

layer 3
features

input image



Idea: use higher-level semantics to select relevant information

Attention Based on Semantics
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Spatial Transformer Networks

Jaderberg et al., Spatial Transformer Networks, NIPS 2015

Residual Attention Network
for Image Classification

Wang et al., Residual Attention Network for Image Classification, CVPR 2017



Attention to Distant Details
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Idea: gather information from distant details based on their features

Non-local Neural Networks Attention GAN

Wang et al., Non-local Neural Networks, CVPR 2018 Zhang et al., Self-Attention Generative Adversarial Networks, CVPR 2018



Attention to Distant Details
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Idea: gather information from distant details based on their features

Zhang et al., Self-Attention Generative Adversarial Networks, CVPR 2018



Idea: weigh (emphasize and suppress) channels based on global information

Squeeze and Excitation: Attention over Channels
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Hu et al., Squeeze-and-Excitation Networks, CVPR 2018



Problem: Most networks are black boxes.
Idea: Regress parameters for a small set of well-known operations.

Gray Box Learning
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Hu et al., Exposure: A White-Box Photo Post-Processing Framework, Siggraph 2018



• Common Architecture Elements
(Dilated Convolution, Grouped Convolutions)

• Deep Features
(Autoencoders, Transfer Learning, One-shot Learning, Style Transfer)

• Adversarial Image Generation
(GANs, CGANs)

• Interesting Trends
(Attention, “Gray Box” Learning)

Summary
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Course Information (slides/code/comments)

http://geometry.cs.ucl.ac.uk/creativeai/



InfoGAN

sa
m

pl
e

:generator

:discriminator

maximize
mutual information

varying

Image Credit: InfoGAN: Interpretable Representation Learning by
Information Maximizing Generative Adversarial Nets, Chen et al.
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• Modeling	by	example,	revisited

Application	#1:	3D	Modeling

�3

[Sung et al. 2017]

Deep	neural	network	predicts		
the	next	best	part	to	add	and		

its	position	to	enable	non-expert	
users	to	create	novel	shapes.
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• Modeling	by	example,	revisited

Application	#1:	3D	Modeling

�3

[Sung et al. 2017]

Deep	neural	network	predicts		
the	next	best	part	to	add	and		

its	position	to	enable	non-expert	
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Application	#2:	Image	Understanding

�4

[Zhang et al. 2017]

understanding	3D	shapes	can	benefit	image	understanding



Application	#2:	Image	Understanding

�4

[Zhang et al. 2017]

understanding	3D	shapes	can	benefit	image	understanding



Application	#3:	Semantic	Scene	Understanding

�5[Song et al. 2017]
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Motivating	Applications:	Semantic	Scene	Understanding

[Kelly et al. 2017, Kelly and Guerrero et al. 2018]

Application	#4:	3D	Asset	Creation
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Motivating	Applications:	Semantic	Scene	Understanding

[Kelly et al. 2017, Kelly and Guerrero et al. 2018]

Application	#4:	3D	Asset	Creation



What’s	Different	in	3D?
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• Number	of	Voxels	grows	as																	versus	occupied	surface

What’s	Different	in	3D?

�7
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• Number	of	Voxels	grows	as																	versus	occupied	surface
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1. Representation  

2. Neighborhood	information	

• who	are	the	neighbouring	elements	

• how	are	the	elements	ordered  

3. Extrinsic	versus	intrinsic	representation  

4. Simplicity	versus	memory/runtime	tradeoff

Challenges
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• Image-based  

• Volumetric 

• Surface-based  

• Point-based

Representation	for	3D

�10



• Image-based 

• Volumetric 

• Surface-based  

• Point-based

Representation	for	3D

�11



Representation	for	3D:	Multi-view	CNN
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Representation	for	3D:	Multi-view	CNN
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regular	image	analysis	networks

[Kalogerakis et al. 2015]
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3DMV:	Joint	3D-Multi-View	Prediction	for	3D	Semantic	Scene	Segmentation



Integrating	View	Information
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Representation	for	3D:	Local	Multi-view	CNN
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[Huang et al. 2018]



Representation	for	3D:	Local	Multi-view	CNN
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Segmentation	
Correspondence	
Feature	matching	
Predicting	semantic	functions

[Huang et al. 2018]



Representation	for	3D:	Local	Multi-view	CNN

�15

Segmentation	
Correspondence	
Feature	matching	
Predicting	semantic	functions

[Huang et al. 2018]localized	renderings	for	point-wise	features
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[Tatarchenko et al. 2018]
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Tangent	Convolutions
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[Tatarchenko et al. 2018]

loses information due to occlusion project to local patches  
(contrast with PCPNet construction)



Dealing	with	Sparse	Points
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Dealing	with	Sparse	Points
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Improved	Performance
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• Image-based	
• PROS:	directly	use	image	networks,	good	performance	
• CONS:	rendering	is	slow	and	memory-heavy,	not	very	geometric	

• Volumetric 

• Point-based  

• Surface-based

Representation	for	3D
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• Image-based  

• Volumetric 

• Surface-based  

• Point-based

Representation	for	3D
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3D	CNNs	:	Direct	Approach

�22

[Xiao et al. 2014]



VoxNet	[Maturana	et	al.	15]

�23

▸ Binary occupancy, density grid, etc. 

rotational invariance



Visualization	of	First	Level	Filters
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Visualization	of	First	Level	Filters
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Representation	for	3D:	Volumetric	Deformation

�25[Yumer and Mitra 2016]



Representation	for	3D:	Volumetric	Deformation

�25[Yumer and Mitra 2016]



Efficient	Volumetric	Datastructures
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[Wang et al. 2017]



Data	Structure	and	CNN	Operations
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downsampling example 
(“where there is an octant, there is CNN 

computation”)

faster neighbor access
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shuffled keys 
(encode position in space)

labels 
(parent label → child indices)

downsampling example 
(“where there is an octant, there is CNN 

computation”)

faster neighbor access



Efficient	Volumetric	Datastructures

�28[Hane et al. 2018]
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Efficient	Volumetric	Datastructures

�29[Hane et al. 2018]



Lower	Memory	Footprint
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Adaptive	O-CNN

image to planar patch-based shapes
[Wang et al. 2018]



First-order	Patches

�32

OCNN Adaptive OCNN



Field	Probing	Neural	Networks	for	3D	Data

�33

[Li et al. 2016]



Field	Probing	Neural	Networks	for	3D	Data

�33

[Li et al. 2016]



Spatial	Probes
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Spatial	Probes
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Method	Details
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• Image-based  

• Volumetric	
• PROS:	adaptations	of	image	networks	
• CONS:	special	layers	for	hierarchical	datastructures,	still	too	coarse 

• Surface-based  

• Point-based

Representation	for	3D
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• Volumetric 

• Surface-based 

• Point-based

Representation	for	3D
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Local/Global	Parameterizations
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Local/Global	Parameterizations

�38

[Sinha et al. 2016]

Geometry	Image



Local/Global	Parameterizations

�38

[Sinha et al. 2016]

Geometry	Image Metric	Alignment	(GWCNN)

[Ezuz et al. 2017]



Shape	Surfaces	using	Geometry	Images

�39



Shape	Surfaces	using	Geometry	Images

�39



Shape	Surfaces	using	Geometry	Images
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Using	Geodesic	Patches:	GCNN

�40

[Masci et al. 2015]



Using	Geodesic	Patches:	GCNN

�40

(f ? a)(x) :=
X

✓,r

a(✓ +�✓, r)(D(x)f)(r, ✓)
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Using	Geodesic	Patches:	GCNN

�40

(f ? a)(x) :=
X

✓,r

a(✓ +�✓, r)(D(x)f)(r, ✓)
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[Masci et al. 2015]



GCNN	Architecture
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Handling	Rotational	Ambiguity

�42
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Parameterization	for	Surface	Analysis
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Parameterization	for	Surface	Analysis

�44

 

[Maron et al. 2017]



• Map	3D	surface	to	2D	domain  

• One	such	mapping:	flat	torus	(seamless	=>	translation-invariant)  

• Many	mappings	exists:	sample	a	few	and	average	result 

• Which	functions	to	map?	 
									XYZ,	normals,	curvature,	…

Parameterization	for	Surface	Analysis

�45

[Maron et al. 2017]



Parameterization	for	Surface	Analysis
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[Maron et al. 2017]



Texture	Transfer	(Parameterization	+	Alignment)

�47

[Wang et al. 2016]



AtlasNet	for	Surface	Generation

�48[Groueix et al. 2018]

condition	decoded	points	on	2D	patches



AtlasNet	for	Surface	Generation

�49

Latent	representation	can	be		
inferred	from	images	or	point	clouds

[Groueix et al. 2018]



AtlasNet	for	Surface	Generation

�50

Latent	representation	can	be		
inferred	from	images	or	point	clouds

Quad	Mesh	is	generated	by		
mapping	a	regular	grid	in		
2D	domain	to	3D	points

[Groueix et al. 2018]



AtlasNet	for	Surface	Generation

�51

Latent	representation	can	be		
inferred	from	images	or	point	clouds

texture	coordinates	come	for	free!!



• Image-based  

• Volumetric 

• Surface-based	
• PROS:	parameterize	+	image	networks	(instrinsic	representation)	
• CONS:	suffers	from	parameterisation	artefacts	(local	versus	global	distortion),	  
requires	good	quality	mesh  

• Point-based

Representation	for	3D
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• Image-based  

• Volumetric 

• Surface-based  

• Point-based

Representation	for	3D
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• Common	representation:	native	representation  

• Easy	to	obtain	from	meshes,	depth	scans,	laser	scans

Representation	for	3D:	Point-based

�54



• Common	representation  

• Easy	to	obtain	from	meshes,	depth	scans,	laser	scans 

• Unstructured	(e.g.,	any	permutation	of	points	gives	same	shape!)

In	Original	Representation

�55[Qi et al. 2017]



PointNet	for	Point	Cloud	Analysis

�56

permutation-invariant	functions

[Qi et al. 2017]



PointNet	for	Point	Cloud	Analysis

�57

Use	MLPs	(h)	and	max-pooling	(g)	as	simple	symmetric	functions

[Qi et al. 2017]



PointNet	Architecture

�58[Qi et al. 2017]



PointNet	for	Point	Cloud	Analysis

�59



PointNet++

�60[Qi et al. 2018]



PCPNet	for	Local	Point	Cloud	Analysis

�61[Guerrero et al. 2018]



PCPNet	Architecture
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PCPNet	Architecture
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PCPNet	Architecture
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PointNet	for	Point	Cloud	Synthesis

�63[Su et al. 2017]



PointNet	for	Point	Cloud	Synthesis

�63[Su et al. 2017]

Earth	Mover	Distance	as	loss	function	
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SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Computer Animation

 2

• Feature detection (image features, point features) 

• Denoising, Smoothing, etc.  

• Embedding, Distance computation  

• Rendering 

• Animation  

• Physical simulation 

• Generative models

• Motion over time 

• Loads of data, expensive 

• Relationships between spatial 
and temporal changes



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Character Animation

 3

[DeepLoco: Dynamic Locomotion Skills 
Using Hierarchical Deep Reinforcement 

Learning, SIGGRAPH 2017]
[DeepMimic: Example-Guided Deep 

Reinforcement Learning of Physics-Based 
Character Skills, SIGGRAPH 2018]

[Mode-Adaptive Neural Networks 
for Quadruped Motion Control, 

SIGGRAPH 2018]

[A Deep Learning Framework for 
Character Motion Synthesis and 

Editing, SIGGRAPH 2016]

• Learn controllers for character rigs 

• Powerful and natural 

• Beyond the scope of this course…



Physics-Based Animation
• Leverage physical models 

• Examples: 

• Rigid bodies 

• Cloth  

• Deformable objects  

• Fluids 

 4SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Physics-Based Animation

 5

Experiment Theory Computation

Skip Theory with Deep Learning?
[No! More on that later…]

Observations / data Model equations Discrete representation



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Physics-Based Animation
• Better goal: support solving suitable physical models 
• Nature = Partial Differential Equations (PDEs) 
• Hence we are aiming for solving PDEs with deep learning (DL) 
• Requirement: “regularity” of the targeted function

 6

“Bypass the solving of evolution equations when these equations conceptually exist 
but are not available or known in closed form.” [Kevrekidis et al.]



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Partial Differential Equations
• Typical problem formulation: unknown 

function  

• PDE of the general form: 

• Solve in domain    , with boundary 
conditions on boundary  

• Traditionally: discretize & solve numerically. 
Here: also discretize, but solve with DL…

 7
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SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Methodology 1
• Viewpoints: holistic or partial 

[partial also meaning “coarse graining” or “sub-grid / up-res”] 

• Influences complexity and non-linearity of solution space 

• Trade off computation vs accuracy: 

• Target most costly parts of solving 

• Often at the expense of accuracy

 8



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Methodology 2

 9

• Consider dimensionality & structure of discretization 

• Small & unstructured  

• Fully connected NNs only choice 

• Only if necessary… 

• Large & structured 

• Employ convolutional NNs 

• Usually well suited



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Solving PDEs with DL
• Practical example: airfoil flow 

• Given boundary conditions solve stationary flow problem on grid 

• Fully replace traditional solver 

• 2D data, no time dimension 

• I.e., holistic approach with structured data

 10



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Solving PDEs with DL
• Data generation 
• Large number of pairs: input (BCs) - targets (solutions)

 11

Airfoil profile Generated mesh
Full simulation domain

Inference region

Different free stream 
Velocities



Solving PDEs with DL
• Data generation 

• Example pair 

• Note - boundary conditions (i.e. 
input fields) are typically 
constant 

• Rasterized airfoil shape present 
in all three input fields

 12SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics
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Solving PDEs with DL

 13

Reduce spatial 

dimensions

Skip connections

Increase spatial 

dimensions

• U-net NN architecture
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Solving PDEs with DL

• Unet structure highly suitable for PDE solving 
• Makes boundary condition information available throughout 
• Crucial for inference of solution

 14

• U-net NN architecture



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Solving PDEs with DL
• Training: 80.000 iterations with ADAM optimizer 

• Convolutions with enough data - no dropout necessary 

• Learning rate decay stabilizes models

 15



Results
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• Use knowledge about 
physics to simplify 
space of solutions: 
make quantities 
dimension- less 

• Significant gains in 
inference accuracy
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Solving PDEs with DL
• Validation and test accuracy for different model sizes

 17

Saturated, little gain from 
weights and data



Code example 
Solving PDEs with DL

 18



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Solving PDEs with DL
• Source code and training data available 

• Requirements: numpy / pytorch , OpenFOAM for data generation 

• Details at:  
https://github.com/thunil/Deep-Flow-Prediction and  
http://geometry.cs.ucl.ac.uk/creativeai/

 19

https://github.com/thunil/Deep-Flow-Prediction
http://geometry.cs.ucl.ac.uk/creativeai/
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Additional Examples
• Elasticity: material models 
• Fluids: up-res algorithm & dimensionality reduction 
• By no means exhaustive…

 20



Neural Material - Elasticity
• Learn correction of regular FEM simulation for complex materials

 21[Neural Material: Learning Elastic Constitutive Material and Damping Models from Sparse Data, arXiv 2018]



Neural Material - Elasticity
• Learn correction of regular FEM simulation for complex materials 

• “Partial” approach 

• Numerical simulation with flexible NN for material behavior 

 22[Neural Material: Learning Elastic Constitutive Material and Damping Models from Sparse Data, arXiv 2018]



Temporal Data
• tempoGAN: 3D GAN 

with temporal 
coherence

 23[tempoGAN: A Temporally Coherent, Volumetric GAN for Super-resolution Fluid Flow , SIGGRAPH 2018]



Temporal Data
• tempoGAN: 3D GAN 

with temporal 
coherence

 24[tempoGAN: A Temporally Coherent, Volumetric GAN for Super-resolution Fluid Flow , SIGGRAPH 2018]
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Temporal Data

 25[tempoGAN: A Temporally Coherent, Volumetric GAN for Super-resolution Fluid Flow , SIGGRAPH 2018]
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Temporal Data
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Latent Spaces
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• Learn flexible reduced representation for physics problems

[Latent-space Physics: Towards Learning the Temporal Evolution of Fluid Flow, arXiv 2018]
[Deep Fluids: A Generative Network for Parameterized Fluid Simulations, arXiv 2018]



Latent Spaces
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• Learn flexible reduced representation for physics problems 
• Employ Encoder part (E) of Autoencoder network to reduce dimensions 

• Predict future state in latent space with FC network 

• Use Decoder (D) of Autoencoder to retrieve volume data

[Latent-space Physics: Towards Learning the Temporal Evolution of Fluid Flow, arXiv 2018]
[Deep Fluids: A Generative Network for Parameterized Fluid Simulations, arXiv 2018]
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Latent Spaces
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• Learn flexible reduced representation for physics problems

[Latent-space Physics: Towards Learning the Temporal Evolution of Fluid Flow, arXiv 2018]
[Deep Fluids: A Generative Network for Parameterized Fluid Simulations, arXiv 2018]



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

• Checklist for solving PDEs with DL: 

✓ Model? (Typically given) 

✓ Data? Can enough training data be generated? 

✓ Which NN Architecture?  

✓ Fine tuning: learning rate, number of layers & features? 

✓ Hyper-parameters, activation functions etc.?

Summary

 32



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

• Approach PDE solving with DL like solving with traditional 
numerical methods: 

- Find closest example in literature 

- Reproduce & test 

- Then vary, adjust, refine …

Summary

 33



SIGGRAPH Asia Course CreativeAI: Deep Learning for Graphics

Thank you!

http://geometry.cs.ucl.ac.uk/creativeai/
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