Kernels for Phylogenetic Trees?

Jean-Philippe.Vert@mines.org




Outline

1. About kernels

2. What can be done with a kernel




Part 1

About kernels




Definition

Let X be a set (e.g., R", set of trees, ...)

A (Mercer) kernel is a mapping K : X x X — R which




Example

Suppose X = R%. Then the following is a valid kernel:

K(Z,y) = 2.y




Example: kernel in feature space

Trees —=.  Feature space




All kernels are inner product

If K(.,.) is a kernel, then there exists a Hilbert space
‘H and a mapping ® : X — 'H such that:




Avenues we won't explore today

Functional analysis in Reproducing Kernel Hilbert
Spaces (RKHS)




Part 2

What can you do with a kernel
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Overview

Let K(x,y) be a given kernel. Then is it possible to
perform various algorithms implicitly in the feature space,
such as:

Computing distances




11

Compute the distance between objects

w9,

0
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Distance to the center of mass
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Principal component analysis
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Canonical correlation analysis
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Support vector machines (SVM)
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Summary

Kernel trick : once a kernel K(z,y) is given, several
analysis can be performed implicitly in the feature space.
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Part 3

Kernel trick example
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Kernel for aligned positions

AAT CGATCGATCGA
ATTCGI TCGATGCGA
AATAGTTCCATGCA
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What we know
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Evolution pattern

A




21

Representation of a profile in terms of
evolution patterns

Consider all possible evolution patterns (eq,...,en),
and represent each gene x by the vector:
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The kernel

K(z,y)= > Pe)P(zle)P(yle)

e evolution pattern
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Part 4

Kernels for phylogenetic trees?
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Several approaches

Define explicitly an interesting feature space where the
inner product can be computed quickly
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Euclidean tree space

If 7 = R", the heat kernel is a valid kernel:

T — To||?

K T1,T2 — €Xp
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The tree space as a graph

Nodes are trees, (weighted) edges indicate similarity
between two trees

The discrete heat kernel 1s a valid kernel for nodes
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Ex
ample (1)

s
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Ex
ample (2)

Pl
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Other tree space

Riemannian manifold

Finite group (kernel for permutations...)
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Conclusion
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Conclusion

A kernel is more than a distance

Several kernel methods




