Kernel feature space 
Given a sample space , a real valued positive kernel  on  is a map  such that  for all , , , and the equality is attained if and only if all the coefficients are equal to zero. A kernel can be interpreted as a similarity measure of the samples and allow us to identify, in a natural way, each  with a real valued function, which contains all relevant features of the sample point , given by

[bookmark: _GoBack]this function is an element of a dot product vector space that will be called kernel feature space[20] It consists of all real valued functions  which can be expressed as  for any ,  Given  and  the dot product is defined by 

which satisfies the so called reproducing property  and therefore . After completion we turn our feature space into a Hilbert space , the reproducing kernel Hilbert space induced by the kernel function [17].
Kernel principal component analysis 
Given a feature space  related to the input domain by a kernel feature map
	
	
	


which is possible non-linear. Let define 
	
	
	

	then the points 

	
	


are centered. Let  denote the kernel matrix of centered points . We cannot compute explicitly, however, according to Scholkopf and Smola[17] it can be expressed in terms of its noncentered counterpart . Using the vector we can get the expression
	
	
	


In  the covariance matrix takes the form 

	
	
	


If  is infinite-dimensional, we think of  as a linear operator on , mapping 
	
	
	


We have to find eigenvalues  and nonzero eigenvectors satisfying 
	
	
	


To find the solution we solve the dual eigenvalue problem 
	
	
	


with  being the expansion coefficients of an eigenvector in terms of the centered points 
	
	
	


The solution , , is normalized by normalizing the corresponding vector in , 
which translates into 
	
	
	


To find the coordinates of a test point , with an image  in , we need to compute projections of the centered image of s into the subspace in  defined by the eigenvectors , . For this, observe that:

Introducing the vector

we have

where  is a  matrix whose columns are the eigenvectors .
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