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Administrative stuff



Rules for lecture

• No technology!


• No lecture recordings
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www

Website: www.eecs189.org


Piazza: piazza.com/berkeley/
summer2018/eecs189289a


Gradescope: https://gradescope.com/

http://www.eecs189.org
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Other course meetings
Discussion Sections 

• Schedule on website


• Welcome to go to any that you want!


Review lectures 

• Fridays during normal lecture time, room TBD


• THIS WEEK ONLY: Friday 5pm - 7pm at The Woz



Resources for the course

• No textbook


• Useful references:


• Elements of Statistical Learning  
(Hastie, Tibshirani, Friedman)


• Previous semesters course notes 
(See website)



Grading

• Weekly HW


• Midterm (July 19th)


• Final (August 9th)

30% 

30% 

40%



Homeworks

• 7 Total


• Assigned Monday at 10pm & Due 
following Monday at 10pm  
on Gradescope


• HW0 and HW1 released today 
(HW0 Due Friday!)



Academic honesty

• We take this very seriously


• Simple rule:  
HW groups and Piazza are great, but no other 
online communications about course content
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Overview of the Course



Prerequisites

• Basic probability & Stats


• Proofs


• Multivariate calculus


• Linear algebra



Why is now a great time to study ML?

Image classification Audio synthesis Games

Research progress



Why is now a great time to study ML?

Voice recognition Translation Self-driving cars

Products



Progress in ML is driven by…

• More compute


• More data


• Better algorithms

Need more people who 
understand the algorithms!



Machine Learning

How to discover patterns from data



Types of machine learning
Regression Classification

Unsupervised Reinforcement



Rough course overview
• Part 1 (8-10 lecture): Key ML ideas in context 

of linear regression


• Part 2 (~3-4 lectures): Nonlinear regression


• Part 3 (~3-4 lectures): Classification


• Part 4 (~8 lectures): Advanced classification


• Part 5 (remainder): Other advanced topics
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What is Artificial Intelligence (AI)?
• The study of how to engineer intelligent systems/machines. 


• What is intelligence? Anything that humans can do that machines can’t do 
easily. 


• The ability to see and interpret visual input


• The ability to read and understand language


• The ability to move and interact with the world


• The ability to reason and perform logical deduction
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Computer Vision
Natural Language 
Processing (NLP)

Robotics

Traditional AI



Successes of AI
Computer Vision Natural Language Processing (NLP)

Robotics Traditional AI



Why is AI hard?
• Suppose we want to write a program that recognizes chairs.


• First attempt:


•  A chair is something that has a seat, a back and four legs. 

Images taken from ShapeNet



Why is AI hard?
• Suppose we want to write a program that recognizes chairs.


• Second attempt:


•  A chair is something that has a seat, a back and multiple legs. 

Images taken from ShapeNet



Why is AI hard?
• Suppose we want to write a program that recognizes chairs.


• Third attempt:


•  A chair is something that has a seat, a back and a frame. 

Images taken from ShapeNet



Why is AI hard?
• Suppose we want to write a program that recognizes chairs.


• Fourth attempt:


•  A chair is something that has a seat and a back. 

Images taken from ShapeNet



Why is AI hard?
• Suppose we want to write a program that recognizes chairs.


• Fifth attempt:


•  A chair is something that has a seat. 

Images taken from ShapeNet



Why is AI hard?
• Suppose we want to write a program that recognizes chairs.


• Why is this not a chair?


• There are exceptions to every rule, and exceptions to every exception. 

Images taken from ShapeNet



Why is AI hard?
• Problem: The inner workings of our brain are not well understood. 


• We don’t know how our brain converts input to output, so we can’t write a 
program to do so. 


• This problem perplexed early computer scientists:


“The Analytical Engine1 has no pretensions to originate anything. It can do 
whatever we know how to order it to perform. ”


Ada Lovelace 


1The Analytical Engine was the first conception of a general-purpose (i.e. Turing complete) 
computer. 



Learning Machines
• Alan Turing proposed the concept of a learning machine in 1950 (in the 

same paper that proposed the Turing test). 


• Idea: Divide the problem into two parts:


• A machine that simulates a child’s brain (analogous to a blank 
notebook: should function by simple mechanisms and have lots of 
blank sheets)


• A way of teaching the child machine (should be simple since we 
know how to teach a human child)


• Teacher rewards good behaviour and penalizes bad behaviour. 



Learning Machines

“An important feature of a learning machine is that its teacher will often be 
very largely ignorant of quite what is going on inside”


Alan Turing


• While we don’t know how our brain converts input to output, we know 
what the output should be for every input. 


• We can use this knowledge to teach the machine. 



Machine Learning

• In modern terms:


• Child machine: Model 

• Blank sheets: Model parameters


• Teacher: Loss function ŷ = wx+ b

L = (y � ŷ)2

Input
Predicted Output

Desired Output



Machine Learning

• In modern terms:


• Child machine: Model 

• Blank sheets: Model parameters


• Teacher: Loss function ŷ = wx+ b

L = (y � ŷ)2Loss Function

Parameters

Model



Machine Learning

• In modern terms:


• Child machine: Model 

• Blank sheets: Model parameters


• Teacher: Loss function

w⇤, b⇤ = argmin
w,b

L

We want to find the parameter 
values that minimize the loss:
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Ordinary least squares
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<latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit>

⇡<latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit>
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<latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit>



Ordinary least squares

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>
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<latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit>

⇡<latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit> ·
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<latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit>
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<latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit>



Ordinary least squares

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>
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<latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit><latexit sha1_base64="+H9sffMNksuH0vl/REacf5KQJYg=">AAACG3icbVDLSsNAFJ34rPVVdelmsAiuSlIEXRbcuKzQFzQlTCY37dDJJMxMiiH0P9z4K25cKOJKcOHfOGmLaOuBgcM55zL3Hj/hTGnb/rLW1jc2t7ZLO+Xdvf2Dw8rRcUfFqaTQpjGPZc8nCjgT0NZMc+glEkjkc+j645vC705AKhaLls4SGERkKFjIKNFG8ip114chE7kfES3Z/RRnnoNdF7uTINaqYJknsAsi+Il4lapds2fAq8RZkCpaoOlVPtwgpmkEQlNOlOo7dqIHOZGaUQ7TspsqSAgdkyH0DRUkAjXIZ7dN8blRAhzG0jyh8Uz9PZGTSKks8k3S7DdSy14h/uf1Ux1eD3ImklSDoPOPwpRjHeOiKBwwCVTzzBBCJTO7YjoiklBt6iybEpzlk1dJp15z7Jpzd1lttBZ1lNApOkMXyEFXqIFuURO1EUUP6Am9oFfr0Xq23qz3eXTNWsycoD+wPr8BLqahjg==</latexit>

⇡<latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit><latexit sha1_base64="3g4VLUCXaN4T/n56WBYbmP7cyjE=">AAAB7nicbVBNSwMxEJ2tX7V+VT16CRbBU9kVQY8FLx4r9AvapWTTbBuaTUKSFZelP8KLB0W8+nu8+W9M2z1o64OBx3szzMyLFGfG+v63V9rY3NreKe9W9vYPDo+qxycdI1NNaJtILnUvwoZyJmjbMstpT2mKk4jTbjS9m/vdR6oNk6JlM0XDBI8FixnB1kndAVZKy6dhtebX/QXQOgkKUoMCzWH1azCSJE2osIRjY/qBr2yYY20Z4XRWGaSGKkymeEz7jgqcUBPmi3Nn6MIpIxRL7UpYtFB/T+Q4MSZLIteZYDsxq95c/M/rpza+DXMmVGqpIMtFccqRlWj+OxoxTYnlmSOYaOZuRWSCNSbWJVRxIQSrL6+TzlU98OvBw3Wt0SriKMMZnMMlBHADDbiHJrSBwBSe4RXePOW9eO/ex7K15BUzp/AH3ucPmMyPyA==</latexit> ·

2

64
w1
...
wd

3

75

<latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit><latexit sha1_base64="MOzZGlbbsfHVjowwd00yCpjCwNY=">AAACIXicbVDLSsNAFJ34rPVVdelmsAiuSiKCXRbcuKzQFzQlTCY37dDJJMxMWkvor7jxV9y4UKQ78WectkG09cDA4ZxzmXuPn3CmtG1/WhubW9s7u4W94v7B4dFx6eS0peJUUmjSmMey4xMFnAloaqY5dBIJJPI5tP3h3dxvj0AqFouGniTQi0hfsJBRoo3klaouDWKNXR/6TGR+RLRkj1M89hzsutgdGVPN2dgLsAsi+Il4pbJdsRfA68TJSRnlqHulmRvENI1AaMqJUl3HTnQvI1IzymFadFMFCaFD0oeuoYJEoHrZ4sIpvjRKgMNYmic0Xqi/JzISKTWJfJM0+w3UqjcX//O6qQ6rvYyJJNUg6PKjMOVYx3heFw6YBKr5xBBCJTO7YjogklBtSi2aEpzVk9dJ67ri2BXn4aZca+R1FNA5ukBXyEG3qIbuUR01EUVP6AW9oXfr2Xq1PqzZMrph5TNn6A+sr2+sEqPi</latexit>

Goal: find the best w
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<latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit><latexit sha1_base64="W/p3t+weniX96gTqWsgWLr2qJ6Q=">AAACK3icbVDLSsNAFJ34rPVVdelmsAiuSiKCLotuXFboC5oaJpObduhkEmYmpSX0f9z4Ky504QO3/oeTtoi2Xhg4c8493HuPn3CmtG2/Wyura+sbm4Wt4vbO7t5+6eCwqeJUUmjQmMey7RMFnAloaKY5tBMJJPI5tPzBTa63hiAVi0VdjxPoRqQnWMgo0YbySteuDz0mMj8iWrLRBLtDoNlo4jn3dey65hvEWs3QTBC5ACL4sXilsl2xp4WXgTMHZTSvmld6doOYphEITTlRquPYie5mRGpGOUyKbqogIXRAetAxUJAIVDeb3jrBp4YJcBhL84TGU/a3IyORUuPIN51mv75a1HLyP62T6vCqmzGRpBoEnQ0KU451jPPgcMAkUM3HBhAqmdkV0z6RhGoTb9GE4CyevAya5xXHrjh3F+VqfR5HAR2jE3SGHHSJqugW1VADUfSAntArerMerRfrw/qcta5Yc88R+lPW1zfU7Ki0</latexit>



Four levels for ML problems

1. Data & application



1. Data & application

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>



1. Data & application

X =
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<latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit>

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>



1. Data & application
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<latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit>
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<latexit sha1_base64="Fnwx3DmZVeI3G58c++mD2s1n6Ds="></latexit><latexit sha1_base64="Fnwx3DmZVeI3G58c++mD2s1n6Ds="></latexit><latexit sha1_base64="Fnwx3DmZVeI3G58c++mD2s1n6Ds="></latexit><latexit sha1_base64="Fnwx3DmZVeI3G58c++mD2s1n6Ds="></latexit>

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>



1. Data & application
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<latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit><latexit sha1_base64="clg2rw1ucKNobBFa8FRva+AONRk=">AAACL3icbVDLSgMxFM3UV62vqks3wSK4KjMi6EYoCOKyQl/QqSWTuW1DM5khyZSWoX/kxl/pRkQRt/6FaWcQbb0QODnnHu69x4s4U9q2X63c2vrG5lZ+u7Czu7d/UDw8aqgwlhTqNOShbHlEAWcC6pppDq1IAgk8Dk1veDvXmyOQioWipicRdALSF6zHKNGG6hbvWvgGux70mUi8gGjJxlPsjoAm42nXeaxh1zVfP9QqRakg5gII/8fSLZbssr0ovAqcDJRQVtVuceb6IY0DEJpyolTbsSPdSYjUjHKYFtxYQUTokPShbaAgAahOsrh3is8M4+NeKM0TGi/Y346EBEpNAs90mv0Galmbk/9p7Vj3rjsJE1GsQdB0UC/mWId4Hh72mQSq+cQAQiUzu2I6IJJQbSIumBCc5ZNXQeOi7Nhl5+GyVKllceTRCTpF58hBV6iC7lEV1RFFT2iG3tC79Wy9WB/WZ9qaszLPMfpT1tc35m2psQ==</latexit>

~xi =

2

64
x1
i
...
xd
i

3

75

<latexit sha1_base64="Fnwx3DmZVeI3G58c++mD2s1n6Ds="></latexit><latexit sha1_base64="Fnwx3DmZVeI3G58c++mD2s1n6Ds="></latexit><latexit sha1_base64="Fnwx3DmZVeI3G58c++mD2s1n6Ds="></latexit><latexit sha1_base64="Fnwx3DmZVeI3G58c++mD2s1n6Ds="></latexit>

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>
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<latexit sha1_base64="6LTU82BxEFYhc308M+tqcG2hCYc=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdKFQcOOyQl/QlDCZ3LZDJ5MwMymG0J9x46+4cWERwZW/4vSBaOuBgcM55zL3niDhTGnH+bQKa+sbm1vF7dLO7t7+gX141FRxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8G7qt0YgFYtFXWcJdCPSF6zHKNFG8u0bbwQ0z8b4FnsB9JnIg4hoyR7HOPMZ9jzsjcJYqynLfIE9EOFPxLfLTsWZAa8Sd0HKaIGab0+8MKZpBEJTTpTquE6iuzmRmlEO45KXKkgIHZI+dAwVJALVzWdXjvGZUULci6V5QuOZ+nsiJ5FSWRSYpNlvoJa9qfif10l177qbM5GkGgSdf9RLOdYxnlaGQyaBap4ZQqhkZldMB0QSqk2xJVOCu3zyKmleVFyn4j5clqv1RR1FdIJO0Tly0RWqontUQw1E0RN6QW9oYj1br9a79TGPFqzFzDH6A+vrGx4CpbI=</latexit><latexit sha1_base64="6LTU82BxEFYhc308M+tqcG2hCYc=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdKFQcOOyQl/QlDCZ3LZDJ5MwMymG0J9x46+4cWERwZW/4vSBaOuBgcM55zL3niDhTGnH+bQKa+sbm1vF7dLO7t7+gX141FRxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8G7qt0YgFYtFXWcJdCPSF6zHKNFG8u0bbwQ0z8b4FnsB9JnIg4hoyR7HOPMZ9jzsjcJYqynLfIE9EOFPxLfLTsWZAa8Sd0HKaIGab0+8MKZpBEJTTpTquE6iuzmRmlEO45KXKkgIHZI+dAwVJALVzWdXjvGZUULci6V5QuOZ+nsiJ5FSWRSYpNlvoJa9qfif10l177qbM5GkGgSdf9RLOdYxnlaGQyaBap4ZQqhkZldMB0QSqk2xJVOCu3zyKmleVFyn4j5clqv1RR1FdIJO0Tly0RWqontUQw1E0RN6QW9oYj1br9a79TGPFqzFzDH6A+vrGx4CpbI=</latexit><latexit sha1_base64="6LTU82BxEFYhc308M+tqcG2hCYc=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdKFQcOOyQl/QlDCZ3LZDJ5MwMymG0J9x46+4cWERwZW/4vSBaOuBgcM55zL3niDhTGnH+bQKa+sbm1vF7dLO7t7+gX141FRxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8G7qt0YgFYtFXWcJdCPSF6zHKNFG8u0bbwQ0z8b4FnsB9JnIg4hoyR7HOPMZ9jzsjcJYqynLfIE9EOFPxLfLTsWZAa8Sd0HKaIGab0+8MKZpBEJTTpTquE6iuzmRmlEO45KXKkgIHZI+dAwVJALVzWdXjvGZUULci6V5QuOZ+nsiJ5FSWRSYpNlvoJa9qfif10l177qbM5GkGgSdf9RLOdYxnlaGQyaBap4ZQqhkZldMB0QSqk2xJVOCu3zyKmleVFyn4j5clqv1RR1FdIJO0Tly0RWqontUQw1E0RN6QW9oYj1br9a79TGPFqzFzDH6A+vrGx4CpbI=</latexit><latexit sha1_base64="6LTU82BxEFYhc308M+tqcG2hCYc=">AAACJXicbVDLSsNAFJ3UV62vqEs3g0VwVRIRdKFQcOOyQl/QlDCZ3LZDJ5MwMymG0J9x46+4cWERwZW/4vSBaOuBgcM55zL3niDhTGnH+bQKa+sbm1vF7dLO7t7+gX141FRxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8G7qt0YgFYtFXWcJdCPSF6zHKNFG8u0bbwQ0z8b4FnsB9JnIg4hoyR7HOPMZ9jzsjcJYqynLfIE9EOFPxLfLTsWZAa8Sd0HKaIGab0+8MKZpBEJTTpTquE6iuzmRmlEO45KXKkgIHZI+dAwVJALVzWdXjvGZUULci6V5QuOZ+nsiJ5FSWRSYpNlvoJa9qfif10l177qbM5GkGgSdf9RLOdYxnlaGQyaBap4ZQqhkZldMB0QSqk2xJVOCu3zyKmleVFyn4j5clqv1RR1FdIJO0Tly0RWqontUQw1E0RN6QW9oYj1br9a79TGPFqzFzDH6A+vrGx4CpbI=</latexit>



Four levels for ML problems

1. Data & application


2. Model



2. Model

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>

ŷ = Xw
<latexit sha1_base64="3txXYeApnxM8sffxg/kRaJqoBnw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXjxW6Be0oWy223bpZhN3J5UQ+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+O2vrG5tb24Wd4u7e/sFh6ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38381oRrIyJVxzTmfkiHSgwEo2glvzuimKVTckva5KlXKrsVdw6ySryclCFHrVf66vYjloRcIZPUmI7nxuhnVKNgkk+L3cTwmLIxHfKOpYqG3PjZ/OgpObdKnwwibUshmau/JzIaGpOGge0MKY7MsjcT//M6CQ5u/EyoOEGu2GLRIJEEIzJLgPSF5gxlagllWthbCRtRTRnanIo2BG/55VXSvKx4bsV7uCpX63kcBTiFM7gAD66hCvdQgwYweIRneIU3Z+K8OO/Ox6J1zclnTuAPnM8f0caRhA==</latexit><latexit sha1_base64="3txXYeApnxM8sffxg/kRaJqoBnw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXjxW6Be0oWy223bpZhN3J5UQ+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+O2vrG5tb24Wd4u7e/sFh6ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38381oRrIyJVxzTmfkiHSgwEo2glvzuimKVTckva5KlXKrsVdw6ySryclCFHrVf66vYjloRcIZPUmI7nxuhnVKNgkk+L3cTwmLIxHfKOpYqG3PjZ/OgpObdKnwwibUshmau/JzIaGpOGge0MKY7MsjcT//M6CQ5u/EyoOEGu2GLRIJEEIzJLgPSF5gxlagllWthbCRtRTRnanIo2BG/55VXSvKx4bsV7uCpX63kcBTiFM7gAD66hCvdQgwYweIRneIU3Z+K8OO/Ox6J1zclnTuAPnM8f0caRhA==</latexit><latexit sha1_base64="3txXYeApnxM8sffxg/kRaJqoBnw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXjxW6Be0oWy223bpZhN3J5UQ+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+O2vrG5tb24Wd4u7e/sFh6ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38381oRrIyJVxzTmfkiHSgwEo2glvzuimKVTckva5KlXKrsVdw6ySryclCFHrVf66vYjloRcIZPUmI7nxuhnVKNgkk+L3cTwmLIxHfKOpYqG3PjZ/OgpObdKnwwibUshmau/JzIaGpOGge0MKY7MsjcT//M6CQ5u/EyoOEGu2GLRIJEEIzJLgPSF5gxlagllWthbCRtRTRnanIo2BG/55VXSvKx4bsV7uCpX63kcBTiFM7gAD66hCvdQgwYweIRneIU3Z+K8OO/Ox6J1zclnTuAPnM8f0caRhA==</latexit><latexit sha1_base64="3txXYeApnxM8sffxg/kRaJqoBnw=">AAAB9HicbVBNS8NAEJ34WetX1aOXxSJ4KokIehEKXjxW6Be0oWy223bpZhN3J5UQ+ju8eFDEqz/Gm//GbZuDtj4YeLw3w8y8IJbCoOt+O2vrG5tb24Wd4u7e/sFh6ei4aaJEM95gkYx0O6CGS6F4AwVK3o41p2EgeSsY38381oRrIyJVxzTmfkiHSgwEo2glvzuimKVTckva5KlXKrsVdw6ySryclCFHrVf66vYjloRcIZPUmI7nxuhnVKNgkk+L3cTwmLIxHfKOpYqG3PjZ/OgpObdKnwwibUshmau/JzIaGpOGge0MKY7MsjcT//M6CQ5u/EyoOEGu2GLRIJEEIzJLgPSF5gxlagllWthbCRtRTRnanIo2BG/55VXSvKx4bsV7uCpX63kcBTiFM7gAD66hCvdQgwYweIRneIU3Z+K8OO/Ox6J1zclnTuAPnM8f0caRhA==</latexit>
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3. Optimization problem

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>



3. Optimization problem

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>

Goal: find the best w



3. Optimization problem

y ⇡ Xw
<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>

Goal: find the best w

min
w

<latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit>
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<latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit><latexit sha1_base64="P6GpW22BcYPOmszxfnNwy4KgjWI=">AAAB9HicbVBNSwMxEJ31s9avqkcvwSJ4Krsi6LHgxWOFfkG7lGyabUOzSUyy1aX0d3jxoIhXf4w3/41puwdtfTDweG+GmXmR4sxY3//21tY3Nre2CzvF3b39g8PS0XHTyFQT2iCSS92OsKGcCdqwzHLaVpriJOK0FY1uZ35rTLVhUtRtpmiY4IFgMSPYOinMUBcrpeUTaqPHXqnsV/w50CoJclKGHLVe6avblyRNqLCEY2M6ga9sOMHaMsLptNhNDVWYjPCAdhwVOKEmnMyPnqJzp/RRLLUrYdFc/T0xwYkxWRK5zgTboVn2ZuJ/Xie18U04YUKllgqyWBSnHFmJZgmgPtOUWJ45golm7lZEhlhjYl1ORRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAwg8wDO8wps39l68d+9j0brm5TMn8Afe5w8NepGs</latexit>

Goal: find the best w

min
w

<latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit>

||Xw � y||22
<latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit>



3. Optimization problem

||Xw � y||22
<latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit>
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(ŷi � yi)
2

<latexit sha1_base64="4j7BB9E80wgIVRuHIZEwnzaCCA8=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh1YUmKoJtCwY3LKvYBTRsm00k7dDIJMzdCCP0LN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4seAabPvbWlldW9/YzG3lt3d29/YLB4dNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJL3kMasG5KB5AGnBIzkFcpV7Ook9DJedcY9iV3BAihhd0ggS8cex+c49bir+GAIZ72KVyjaZXsKvEycOSmiOepe4cvtRzQJmQQqiNYdx46hmxEFnAo2zruJZjGhIzJgHUMlCZnuZtO/xvjUKH0cRMqUBDxVf09kJNQ6DX3TGRIY6kVvIv7ndRIIrroZl3ECTNLZoiARGCI8CQn3uWIURGoIoYqbWzEdEkUomCjzJgRn8eVl0qyUHbvs3F4Ua3fzOHLoGJ2gEnLQJaqhG1RHDUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/IeWesQ==</latexit><latexit sha1_base64="4j7BB9E80wgIVRuHIZEwnzaCCA8=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh1YUmKoJtCwY3LKvYBTRsm00k7dDIJMzdCCP0LN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4seAabPvbWlldW9/YzG3lt3d29/YLB4dNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJL3kMasG5KB5AGnBIzkFcpV7Ook9DJedcY9iV3BAihhd0ggS8cex+c49bir+GAIZ72KVyjaZXsKvEycOSmiOepe4cvtRzQJmQQqiNYdx46hmxEFnAo2zruJZjGhIzJgHUMlCZnuZtO/xvjUKH0cRMqUBDxVf09kJNQ6DX3TGRIY6kVvIv7ndRIIrroZl3ECTNLZoiARGCI8CQn3uWIURGoIoYqbWzEdEkUomCjzJgRn8eVl0qyUHbvs3F4Ua3fzOHLoGJ2gEnLQJaqhG1RHDUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/IeWesQ==</latexit><latexit sha1_base64="4j7BB9E80wgIVRuHIZEwnzaCCA8=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh1YUmKoJtCwY3LKvYBTRsm00k7dDIJMzdCCP0LN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4seAabPvbWlldW9/YzG3lt3d29/YLB4dNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJL3kMasG5KB5AGnBIzkFcpV7Ook9DJedcY9iV3BAihhd0ggS8cex+c49bir+GAIZ72KVyjaZXsKvEycOSmiOepe4cvtRzQJmQQqiNYdx46hmxEFnAo2zruJZjGhIzJgHUMlCZnuZtO/xvjUKH0cRMqUBDxVf09kJNQ6DX3TGRIY6kVvIv7ndRIIrroZl3ECTNLZoiARGCI8CQn3uWIURGoIoYqbWzEdEkUomCjzJgRn8eVl0qyUHbvs3F4Ua3fzOHLoGJ2gEnLQJaqhG1RHDUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/IeWesQ==</latexit><latexit sha1_base64="4j7BB9E80wgIVRuHIZEwnzaCCA8=">AAACF3icbVDLSsNAFJ34rPVVdelmsAh1YUmKoJtCwY3LKvYBTRsm00k7dDIJMzdCCP0LN/6KGxeKuNWdf+P0sdDWAxcO59zLvff4seAabPvbWlldW9/YzG3lt3d29/YLB4dNHSWKsgaNRKTaPtFMcMkawEGwdqwYCX3BWv7oeuK3HpjSPJL3kMasG5KB5AGnBIzkFcpV7Ook9DJedcY9iV3BAihhd0ggS8cex+c49bir+GAIZ72KVyjaZXsKvEycOSmiOepe4cvtRzQJmQQqiNYdx46hmxEFnAo2zruJZjGhIzJgHUMlCZnuZtO/xvjUKH0cRMqUBDxVf09kJNQ6DX3TGRIY6kVvIv7ndRIIrroZl3ECTNLZoiARGCI8CQn3uWIURGoIoYqbWzEdEkUomCjzJgRn8eVl0qyUHbvs3F4Ua3fzOHLoGJ2gEnLQJaqhG1RHDUTRI3pGr+jNerJerHfrY9a6Ys1njtAfWJ8/IeWesQ==</latexit>



Four levels for ML problems

1. Data & application


2. Model


3. Optimization problem


4. Optimization algorithm



Four levels for ML problems

1. Data & application


2. Model


3. Optimization problem


4. Optimization algorithm



4. Optimization algorithms

min
w

<latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit>

||Xw � y||22
<latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit>



4. Optimization algorithms

min
w

<latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit><latexit sha1_base64="txTT4xVGkaJpZMyZ1GcDEtBTU5s=">AAAB8HicbVDLSgNBEOz1GeMr6tHLYBA8hV0R9Bjw4jFCXpIsYXbSSYbMzC4zs0pY8hVePCji1c/x5t84SfagiQUNRVU33V1RIrixvv/tra1vbG5tF3aKu3v7B4elo+OmiVPNsMFiEet2RA0KrrBhuRXYTjRSGQlsRePbmd96RG14rOp2kmAo6VDxAWfUOumhK7nqZU9T0iuV/Yo/B1klQU7KkKPWK311+zFLJSrLBDWmE/iJDTOqLWcCp8VuajChbEyH2HFUUYkmzOYHT8m5U/pkEGtXypK5+nsio9KYiYxcp6R2ZJa9mfif10nt4CbMuEpSi4otFg1SQWxMZt+TPtfIrJg4Qpnm7lbCRlRTZl1GRRdCsPzyKmleVgK/Etxflav1PI4CnMIZXEAA11CFO6hBAxhIeIZXePO09+K9ex+L1jUvnzmBP/A+fwDPfJB0</latexit>

||Xw � y||22
<latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit><latexit sha1_base64="6O//opUmP+8AOvGItB7itHlRWuc=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpIUQZcFNy4r9AVtDJPppB06eTAzqYSkf+LGhSJu/RN3/o3TNgttPXDhcM693HuPF3MmlWV9G6WNza3tnfJuZW//4PDIPD7pyCgRhLZJxCPR87CknIW0rZjitBcLigOP0643uZv73SkVkkVhS6UxdQI8CpnPCFZack0zz1HvCV2hFOW5W3+su2bVqlkLoHViF6QKBZqu+TUYRiQJaKgIx1L2bStWToaFYoTTWWWQSBpjMsEj2tc0xAGVTra4fIYutDJEfiR0hQot1N8TGQ6kTANPdwZYjeWqNxf/8/qJ8m+djIVxomhIlov8hCMVoXkMaMgEJYqnmmAimL4VkTEWmCgdVkWHYK++vE469Zpt1eyH62qjVcRRhjM4h0uw4QYacA9NaAOBKTzDK7wZmfFivBsfy9aSUcycwh8Ynz+ce5Jj</latexit>

ŵ =
�
XTX

��1
XT y

<latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit><latexit sha1_base64="PbX6HxSVTvoxvSn7Bc/HchhbOVs=">AAACEnicbVC7SgNBFJ2Nrxhfq5Y2g0FICsOuCNoIARvLKHlBNgmzk9lkyOyDmbtKWPINNv6KjYUitlZ2/o2TzRaaeODC4Zx7ufceNxJcgWV9G7mV1bX1jfxmYWt7Z3fP3D9oqjCWlDVoKELZdoliggesARwEa0eSEd8VrOWOr2d+655JxcOgDpOIdX0yDLjHKQEt9c2yMyKQPEzxFXYE86CE2706bmNH8uEIyr3k1J6m0qRvFq2KlQIvEzsjRZSh1je/nEFIY58FQAVRqmNbEXQTIoFTwaYFJ1YsInRMhqyjaUB8prpJ+tIUn2hlgL1Q6goAp+rviYT4Sk18V3f6BEZq0ZuJ/3mdGLzLbsKDKAYW0PkiLxYYQjzLBw+4ZBTERBNCJde3YjoiklDQKRZ0CPbiy8ukeVaxrYp9e16s3mVx5NEROkYlZKMLVEU3qIYaiKJH9Ixe0ZvxZLwY78bHvDVnZDOH6A+Mzx8hhZvl</latexit>



Reminders

• Sign up for Piazza


• Look out for HW0 and 
HW1


• Discussion sections start 
Wednesday


