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Kernels and distances for
structured data

work mostly done by Thomas Gärtner (Fraunhofer
Inst., Germany) and John Lloyd (Australian National
University)

ILP’02, Machine Learning 57(3):205–232, 2004

See also Thomas’ SIGKDD Explorations survey (2003)
and ICML’04 tutorial
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Support vector machines

 Wide margin classifier
 support vectors are the datapoints closest to the

separating hyper-surface

 Kernel: (implicit) transformation to feature
space
 to deal with problems that are not linearly

separable in input space
 feature space is often high-dimensional
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Primal and dual form

 Linear classifiers construct a hyperplane
separating the input points

 decision rule

 hypothesis

 equivalently

where αi represent hypothesis in dual co-ordinates

      

€ 

h(x) = sgn( w ⋅ x + b)

    

€ 

w = αiyixii
∑

      

€ 

h(x) = sgn αiyi xi ⋅ xi
∑ + b( )
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Kernels

 Learning in feature space:

 A kernel calculates the inner product directly
in input space:

 “similarity” between x and z in terms of features φ

      

€ 

h(x) = sgn αiyi φ(xi) ⋅ φ(x)
i

∑ + b( )

      

€ 

k(x,z) = φ(x) ⋅ φ(z)



24 March, 2004 Bari seminar 6 5

Valid kernels

 A valid kernel k(x,z) is symmetric and positive
semi-definite (Mercer’s theorem):

 In that case, the left-hand side of the inequality can
be interpreted as a linear combination of feature
vectors:

      

€ 

∀n ≥ 0,∀c1Kcn ∈ ℜ : cicjk(xi ,x j) ≥ 0
i,j∈{1,K,n}

∑

    

€ 

cicjk(xi,x j) =
i,j

∑ ciφ(xi)i
∑

2
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Our approach

 Individual-centred domains: structure within
but not between individuals

 Represent individuals by terms in a higher-
order logic

 Default kernel is defined recursively on type
signature of individuals

 Can be adapted to domain by modifiers and
domain-specific kernels on atomic terms
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Basic terms (aka ground terms)
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Kernel for basic terms
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Kernel for basic terms (cont.)
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Example for simple lists
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Example for simple sets
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Example for simple multisets
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Modifiers
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Example: East-West challenge
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From kernels to distances
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Examples of distances
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Application: spectroscopy
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Feature-space PCA
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Application: spatial clustering


