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Image: The Kernel Cookbook by David Duvenaud

http://www.cs.toronto.edu/~duvenaud/cookbook/index.html


Motivation GP: non-parametric regression method

Stochastic process: generalization of pdf to “functions of pdfs” (if the process is 
“Gaussianly behaved (in time)” things “become easy”

Bridging the gap 
between:  

understanding data 
relationships  

and  

making predictions 
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Motivation: the basics

A Gaussian distribution is described by a location     and “a 
shape”:    for one dimension and for several, a covariance 
matrix
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Motivation: the basics

A Gaussian distribution is described by a location     and “a 
shape”:    for one dimension and for several, a covariance 
matrix

 

Covariance matrix -> shape of the bell  
(how is the cov. matrix for two ind. norm distributed variables?)



Motivation: the basics II

Multi-variate

Single variable

Cov matrix



Motivation: the basics III
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Motivation: the problem?
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Joint probability -> conditional probability -> posterior from the prior, 
but here we have the joint probability of the values of f(x) for all x 

“observed”, so:  (observed -> f, non-observed -> f*)
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kernel function applied to x 
“similarity” of each xi to all xi 

“similarity” of each xi to 
non-observed xi that we 
want to predict 

“similarity” of each non-observed xi 
to the other non-observed xi that we 
want to predict 
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The magic? (algebra) 

From the joint distribution to the conditional one 
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The definition

“A Gaussian process is a collection of random variables with the 
property that the joint distribution of any finite subset is a Gaussian. “ 
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The Interpretation

The Gaussian kernel can be interpreted as a prior on the functions 
(instead of on the parameters when doing parametric statistics) 

covariance 
matrix ensures that 
values that are close 
together in input 
space will produce 
output values that 
are close together.



Is it all about the kernel?

different kernels?! 
additive kernels?!

Kind of defining the 
“radius of influence” 
differently at different 
spatial scales

Duvenaud+11



Is it all about the kernel?

different kernels?! 
additive kernels?!

Kind of defining the 
“radius of influence” 
differently at different 
spatial scales

Good at discovering non-local structure!!

Duvenaud+11



The implementation?


