
Introduction to 
Machine Learning 

Brown University CSCI 1950-F, Spring 2011 
Prof. Erik Sudderth 

Lecture 9: Bayesian Regression,  
Logistic Regression 

Many figures courtesy Kevin Murphy’s textbook, 
Machine Learning: A Probabilistic Perspective 
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Alternative Distance Measures Choice of Neighborhood Size K 

Belongie, Malik, & Puzicha, PAMI 2002 
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Slides adapted from Bishop’s “Pattern Recognition and Machine Learning” 
Notation differs from Murphy’s “Machine Learning: A Probabilistic Perspective” 



L;6G+*&,M;-$N;*(7$3OG*&;($8P?$
Q! %'/(,-;&$7C;$;&&'&$AG/B.'/0$

Q! R,7C$7C;$(G:"'A"(OG*&;($;&&'&$AG/B.'/$*/-$*$OG*-&*.B$
&;6G+*&,M;&S$<;$6;7$$$

Q! <C,BC$,($:,/,:,M;-$TH$

5*7*$7;&:$U$L;6G+*&,M*.'/$7;&:$



L;6G+*&,M*.'/0$$$$$$$$$$$I(V$$



W*H;(,*/$N,/;*&$L;6&;((,'/$
Q! X*G((,*/$D&,'&$*/-$+,=;+,C''-$,:D+H$X*G((,*/$D'(7;&,'&(0 



W*H;(,*/$N,/;*&$L;6&;((,'/$8>?$

Y$-*7*$D',/7($'T(;&I;-$

@&,'&$ 5*7*$3D*B;$



W*H;(,*/$N,/;*&$L;6&;((,'/$8Z?$

P$-*7*$D',/7$'T(;&I;-$

N,=;+,C''-$ @'(7;&,'&$ 5*7*$3D*B;$



W*H;(,*/$N,/;*&$L;6&;((,'/$8[?$

\$-*7*$D',/7($'T(;&I;-$

N,=;+,C''-$ @'(7;&,'&$ 5*7*$3D*B;$



W*H;(,*/$N,/;*&$L;6&;((,'/$8]?$

\Y$-*7*$D',/7($'T(;&I;-$

N,=;+,C''-$ @'(7;&,'&$ 5*7*$3D*B;$



@&;-,B.I;$5,(7&,TG.'/$8P?$

Q! @&;-,B7$t$A'&$/;<$I*+G;($'A$x$TH$,/7;6&*./6$'I;&$w0$

Q!<C;&;$



@&;-,B.I;$5,(7&,TG.'/$8\?$
Q! FE*:D+;0$3,/G(',-*+$-*7*S$^$X*G((,*/$T*(,($AG/B.'/(S$$
P$-*7*$D',/7$



@&;-,B.I;$5,(7&,TG.'/$8>?$
Q! FE*:D+;0$3,/G(',-*+$-*7*S$^$X*G((,*/$T*(,($AG/B.'/(S$$
\$-*7*$D',/7($



@&;-,B.I;$5,(7&,TG.'/$8Z?$
Q! FE*:D+;0$3,/G(',-*+$-*7*S$^$X*G((,*/$T*(,($AG/B.'/(S$$
Z$-*7*$D',/7($



@&;-,B.I;$5,(7&,TG.'/$8[?$
Q! FE*:D+;0$3,/G(',-*+$-*7*S$^$X*G((,*/$T*(,($AG/B.'/(S$$
\[$-*7*$D',/7($



F(.:*.'/$I(V$@&;-,B.I;$5,(7&,TG.'/($



1*&6,/*+$5*7*$N,=;+,C''-0$#_[$



1*&6,/*+$5*7*$N,=;+,C''-0$#_>Y$



Bayesian Ockham’s Razor 

William of Ockham 

“Plurality must never be 
posited without necessity.” 



Back to Classification 
Supervised Learning Unsupervised Learning 

D
is

cr
et

e 
C

on
tin

uo
us

 

classification or 
categorization 

regression 

clustering 

dimensionality 
reduction 

•!Predict label/response y from feature x 
•!Generative classification:  Apply Bayes’ rule to learned p(x,y) 
•!Discriminative or conditional regression & classification: 
directly learn a model of p(y | x), assuming x always given 



Discriminant Analysis 



Binary Discriminant Analysis 
Logistic Function 



Logistic Regression 



Decision Boundaries 
By assumption, a linear function of input features. 

Raw features. 2nd-order polynomial expansion. 



Importance of Features: XOR 

10th-order polynomial. 4 radial basis functions. 

Avoid RBF placement via kernel methods… 



Multinomial Logistic Regression 


