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Discrete	
  to	
  Con0nuous	
  Labels	
  

Sports	
  
Science	
  
News	
  

Classification      
 
 
 
 
 
 
 
 
Regression	
  

Anemic	
  cell	
  
Healthy	
  cell	
  

X	
  =	
  Document	
   Y	
  =	
  Topic	
   X	
  =	
  Cell	
  Image	
   Y	
  =	
  Diagnosis	
  

X	
  =	
  Brain	
  Scan	
  

Y	
  =	
  Age	
  of	
  a	
  subject	
  



Regression	
  Tasks	
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Es$ma$ng	
  
Contamina$on	
  

X	
  =	
  new	
  loca0on	
  
Y	
  =	
  sensor	
  reading	
  

Es$ma$ng	
  
Energy	
  Usage	
  

X	
  =	
  building	
  characteris0cs	
  
Y	
  =	
  energy	
  consump0on	
  

energystar.gov	
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Supervised	
  Learning	
  

Sports	
  
Science	
  
News	
  

Classification:    Regression: 	
  

Probability	
  of	
  Error 

Goal: 

Mean	
  Squared	
  Error 

loss function (performance measure)

Y	
  =	
  Age	
  of	
  
a	
  subject	
  



Regression	
  algorithms	
  

Learning	
  algorithm	
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Linear	
  Regression	
  
Regularized	
  Linear	
  Regression	
  –	
  Ridge	
  regression,	
  Lasso	
  
Polynomial	
  Regression	
  
Kernelized	
  Regression	
  
Gaussian	
  Process	
  Regression	
  
Kernel	
  regression,	
  Regression	
  Trees,	
  Splines,	
  Wavelet	
  
es$mators,	
  …	
  



Replace	
  Expecta0on	
  with	
  Empirical	
  
Mean	
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Empirical Minimizer: 

Optimal predictor: 

Law of Large Numbers: 

Empirical	
  mean	
  

n	
  	
  	
  	
  	
  	
  	
  ∞	
  



Restrict	
  class	
  of	
  predictors	
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Empirical Minimizer: 

Optimal predictor: 

Class	
  of	
  predictors	
  

Why?	
  
	
  	
  OverfiZng!	
  
	
  	
  Empiricial	
  loss	
  minimized	
  by	
  any	
  	
  
	
  	
  func$on	
  of	
  the	
  form	
  
	
  

Xi	
  

Yi	
  



Restrict	
  class	
  of	
  predictors	
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Empirical Minimizer: 

Optimal predictor: 

Class	
  of	
  predictors	
  

-­‐  Class	
  of	
  Linear	
  func$ons	
  
-­‐  Class	
  of	
  Polynomial	
  func$ons	
  
-­‐  Class	
  of	
  nonlinear	
  func$ons	
  

F



Linear	
  Regression	
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-­‐	
  Class	
  of	
  Linear	
  func$ons	
  

β1	
  -­‐	
  intercept	
  

β2	
  =	
  slope	
  Uni-­‐variate	
  case:	
  

Mul$-­‐variate	
  case:	
   1	
  

where	
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Least Squares Estimator 



Least	
  Squares	
  Es0mator	
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f(Xi) = Xi�



Least	
  Squares	
  Es0mator	
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Least	
  Square	
  solu0on	
  sa0sfies	
  Normal	
  
Equa0ons	
  

12	
  

If	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  	
  is	
  inver$ble,	
  	
  

p	
  x	
  p	
   p	
  x1	
   p	
  x1	
  




