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Motivation

Goal: Find a meaningful similarity measure for protein structures
comparison
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Graph Kernels
* Define kernels on pair of graphs

K(G, G) = <P(G), P(G')>
K(G, G’) — measure of similarity between G and G’

 Kernel Matrix K, where K; = k(G;, G;) for 1 <1,j<n

— Properties of K
.  Symmetric
Il. Positive semi-definite
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Graph Kernel Example

TN D(G) = (#(T), #(L))
L := %
G, G,
®(G,) = (1, 3) ®(G,) = (0, 5)

K(G1, Gy) = <P(G,), P(G,)> =15
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Graph Kernels Research Efforts

Kondor & Lafferty (2002)

Graph
Kernels

Reviewed on
Vishwanathan et. al. (2010)

Random Walk Rational Marginalized Graphlet Other Graph Algebraic
Kernels Kernelst! Kernels Kernels Kernels Kernels
Gaértner et. al. (2003) Cortes et. al. Tsuda et. al. (2002) Borgwardt et. al. (2007) Kondor & Borgwardt (2008)
Borgwardt et. al. (2005) (2002,2003, 2004) Kashima et. al. (2003,2004) Shervashidze et. al. (2009)
Vishwanathan et. al. (2006) Mahé et. al. (2004) Vacic et. al. (2010)

Ramon and Gértner (2003)
Horvéth et. al. (2004)
Ralaivola et. al. (2005)
Frohlich et. al. (2005)
Menchetti et. al. (2005)

Borgwardt et. al. (2005)
Mahé and Vert (2008)
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Question: How to scale up graph kernels to
vertex-labeled and edge-weighted graphs?

Scalability
I Goal

. Power
Node—Edge—+Path— Substructure

Image taken from “A Linear-time Graph Kernel” talk by Shohei Hido, IEEE ICDM2009, Miami, Florida, 12/09/2009
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Modeling protein binding sites as graphs

 Geometry of a binding site is internally represented
by a set of pseudocenters (7 types)

— representing physicochemical properties of a surface patch
within binding site

e pseudocenters are nodes, labeled using type

« distance between pseudocenters are edges weights
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Example
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Paper Contributions

 Extended random walk and shortest path kernels

* Novel kernel method, fingerprint kernel

e Use of fuzzy-patterns, thus, fuzzy fingerprint kernel
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Fingerprint Kernel

« |dea: Create a fingerprint vector of fixed length by
counting all non-isomorphic graphs of size 3!

— Sounds familiar?!1?!

e Count all non-isomorphic graphs of size 3 for n
distinct node and k distinct edge labels

1 Nin k) N(nk)

. o o) T min o)
e '||. ' il k G.G = i
nl66) = ., ) O ), )
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Let’'s do some combinatorics!!!

| n | k+1 k+ 2
N[ﬂ:k)—( )-k3+n[n—1)-k-( )+ﬂ'( )
3 2 3
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Fuzzy Fingerprint Kernel

e Why?
— problem of discontinuity on bin-boundaries

59 A ' i é . 6.1 A ;

Oz @ O—=—0

DZ:E‘-. . 0.8A
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Solution

e Create a fuzzy partition of a domain X defined by a
finite family of fuzzy subsets F; (x), X in X as:

F.(x) =max{0,1 — |x —il|}

* F, (X) can be interpreted as the fuzzy subset of
numbers “approximately equal to I”
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Thank You!

QUESTIONS?
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