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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	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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data model	building prediction



• 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
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• Digit	Recognition  
 

Classification	Examples
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• Digit	Recognition  
 

• Spam	Detection  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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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Segmentation	+	Classification	in	Real	Images
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Segmentation	+	Classification	in	Real	Images
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Evaluation	measures:	Confusion	matrix,	ROC	curve,	precision,	recall,	etc.	



`Faceness’	Function:	Classifier
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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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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
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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

�18

X



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

�22



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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input

method

parameters

prediction

Calculus

Vector	calculus x 2 Rd
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Learning	a	Function
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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>
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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>

Classification:



Learning	a	Function

�25

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:
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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
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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>

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
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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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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
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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
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Loss	function:	sum	of	squared	errors

In	two	variables:	
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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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2D	function	graph
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2D	function	graph isocontours
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2D	function	graph isocontours gradient	field
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2D	function	graph isocontours gradient	field

at	minimum	of	function:
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2D	function	graph isocontours gradient	field

at	minimum	of	function:
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Hyperparameter:	Underfitting	vs.	Overfitting
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sweet spot!
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• Use	them	only	to	predict	the	test	error	 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• Cross	validation	technique	
• Exclude	part	of	the	training	data	from	parameter	estimation	
• Use	them	only	to	predict	the	test	error	 

• K-fold	cross	validation:	
• K	splits,	average	K	errors

• Use	cross-validation	for	different	values	of	λ	
• pick	value	that	minimizes	cross-validation	error

Selecting	λ	with	Cross-validation
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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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Using	squashing	(sigmoidal)	function	for	robustness

Extension	#1:	Logistic	Regression
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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>



Using	squashing	(sigmoidal)	function	for	robustness

Extension	#1:	Logistic	Regression
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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

�48

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

�56

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

�57

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

�58

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

�60

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>
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<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
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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
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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
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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>



XOR	Problem
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XOR	Problem
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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>



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>



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>



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>

X



1. Least	Squares	fitting 

2. Nonlinear	error	function	and	gradient	descent 

3. Perceptron	training	(simple	neural	network)

Regression
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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 

• …
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Given a library of simple functions

Compose into a 

complicated function

Idea 2: Compositions 
• Decision Trees 

• Deep Learning 
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Given a library of simple functions

Compose into a 

complicated function

Idea 2: Compositions 
• Decision Trees 
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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
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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?
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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
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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
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Chain Rule
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x0

f(x0)

slope: f 0(x0)
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Differentiation	(chain	rule	recap)
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x0

f(x0)

z = f � g(x) = f(g(x))
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z = f(y)

y = g(x)
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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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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

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>

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

(S)GD

(S)GD	with	Momentum

Wt+1 = Wt � ✏trWL(Wt)
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Main idea: retain long-term trend of updates, drop oscillations

(S)GD

(S)GD + momentum

(S)GD	with	Momentum

Wt+1 = Wt � ✏trWL(Wt)
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• 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/


