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•  C. Campbell. An Introduc3on to Kernel 
Methods 

•  Reading assignment: read the paper and 
submit a one page summary. (Due on Nov. 14 
– Friday)  



OpCmizaCon Approaches? 



•  A systema3c and principled approach to training 
learning machines 

•  Achieve good generaliza3on performance using 
sta3s3cal learning theory or Bayesian arguments 

•  Kernel methods for classifica3on, regression and 
novelty detec3on 

•  Op3miza3on of a convex cost func3on (quadra3c 
programming) 

•  Applica3ons 



•  Diabetes data set: 
hNp://www.csie.ntu.edu.tw/~cjlin/
libsvmtools/datasets/binary/diabetes 

•  First 10, 20, 30, …, 50, or all the data points 



xi, <d1, …, d8> yi 

1 <= i <= m 

Label  Input Feature  
Vector 





y = w.x +b = 1 
y = w.x +b = 0 

y = w.x +b = ‐1 

SeparaCng Hyperplane 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= 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y = w.x +b = 1 
y = w.x +b = 0 

y = w.x +b = ‐1 

Support Vector 



y = w.x +b = 1 
y = w.x +b = 0 

y = w.x +b = ‐1 

X+ 

X‐ 





•  Smaller weights make func3on simpler 
•  Smaller weights make func3on smoother 

•  Pursuing smaller weights become a general 
paradigm in func3on op3miza3on 





This is a constrained quadraCc opCmizaCon problem.  

QuesCons: what if there are only two examples (one posiCve x+ and one negaCve x‐)? 











Can weight vector w be explicitly represented? 







How can we idenCfy the data points needing slackness? 



•  Novelty detec3on: iden3fica3on of new or 
unknown data that a machine learning system 
has not been trained with and was not 
previously aware of.  

•  Applica3on: detec3on of a disease or poten3al 
fault whose class may be under‐represented in 
the training data.  



•  Find a hypersphere with a minimal radius R 
and center a which contains most of the data: 
novel test points lie outside the boundary of 
this hypersphere.  

•  The effect of outliers is reduced by using slack 
variables ξi to allow for data points outside the 
sphere and the task is to minimize the volume 
of the sphere and number of data points 
outside.  













DecomposiCon method provide a be^er approach: 
 only use a fixed size subset of data, with ai for the  
remainder for fixed.   







Keep all other terms except a1, a2 fixed, get a new funcCon like 

a1 + (k‐a1) + other_as – ½ (y1y1a1a1K(x1,x1)+ y2y2a2a2K(x2,x2) +2y1y2a1(k‐a1)K(x1,x2)  + y1a1*Other 
+ (k‐y1a1) *other + other terms)   



Check three values: 

0, C, and x‐coordinate of vertex 


