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‘f Quantitative Structure Activity Relationship'
h"

Similarity Principle [Johnson and Maggiora, 1990]

“Similar compounds have similar properties”

QSAR Applications

@ Activity Prediction
o Property Prediction (QSPR)

@ Virtual Screening

@ Drug Design
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Similarity Principle [Johnson and Maggiora, 1990]

“Similar compounds have similar properties”

QSAR Applications

@ Activity Prediction
o Property Prediction (QSPR)

@ Virtual Screening

@ Drug Design
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Fingerprint Methods

Descriptor Set Comparison
+ Many Descriptors available
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Descriptor Set Comparison

+ Many Descriptors available
— Remains Heuristics

— Information Loss

Graph Kernels

o Kernels on Molecular Graphs:

o Vertices = Atoms Y
o Edges = Bonds
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Edit Distance

@ Sequence of Edit Operations

e Edit Distance = argmin ) , Cost(operation)

@ Sub-optimal Distance Computable in polynomial
time [Riesen and Bunke, 2009]
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@ Sequence of Edit Operations

o Edit Distance = argmin ) , Cost(operation)

@ Sub-optimal Distance Computable in polynomial
time [Riesen and Bunke, 2009]

Sub Optimal Edit Distance = argmin ) C(u — u')

a 0
b 1
c><2
d 3
e 4
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Edit Distance

@ Sequence of Edit Operations
o Edit Distance = argmin ) , Cost(operation)

@ Sub-optimal Distance Computable in polynomial
time [Riesen and Bunke, 2009]

@ Trivial Kernels may not be Definite Positive

Sub Optimal Edit Distance = argmin ) C(u — u')

v A W N O

B. Gaiizere, L. Brun and D. Villemin (GREYC, LCMT) May 19, 2011 7/24



Overview
Introduction

¢ Minimization Problem Kerel from EditDistance

re ernel

Exf

! >
hﬂ ‘ o

Gram Matrix K

nts
n

Kij = (Gi- G)) = k(Gi, G))

Minimization Problem [Steinke and Scholkopf, 2008]

| \

f* = argmin C + FIKLf
feRn
° : Fit to Data Term

e ffK~f: Regularization Term

\
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Laplacian of a Graph:
° A= Wy

_ d(6i,6))
)] VV’J =e o

=A-W
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Laplacian of a Graph:

n
(=A-W ° Aij=2 Wi
4(6,,6))
o Wj=e o

Regularized Laplacian [Smola and Kondor, 2003]
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Graph Laplacian Kernel
S={Gy,...,G,},

Ks =Ts' = O(N3)

Ksuc = (fsuc) ™t = O((N + 1))

Efficient Update
5 N Ts—36 B -
(&;uc) = < SBt ° 172.8,- >

o Blockwise Inversion = /s — ds to Invert
@ Approximation of (s — ds)~! in O(CN?)
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Based on Edit Distance
Definite Positive Kernel

Too Costly for Large Databases

Dependant Rely on the Accuracy of Sub Optimal Edit Distance
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@ Extract Patterns

@ Bag of Patterns Comparison

Kooy)= > Y k(xiy)

x€B(x) yi€B(y)

Patterns
@ Random Walks
@ Trails, Paths
@ Tree-Patterns

| \
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Patterns Enumerated

All Acyclic Unlabeled Graphs with a Size < 7:
(] o *—o o o —o o o
Go G, G, G;
o—©< o o o o o o—o—@<:
G4 G5 G6 G7
Gg Gy Gio Gi;
s ot
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Path Enumeration

Recursive Search from Each Node

Non Linear Treelets Enumeration

Detection of n-star = Enumeration of derived treelets
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Spectrum of a graph

Spectrum;(G) = |(G; C G)|

Treelet Kernel Definition

N
(Spectrumk(G)*Spectrumk(G’))
N —
kTreelet (G, G) = Z € 7
k=0

| \

2

A\
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| Conclusion

Alkane Dataset

Acyclic Molecules

Only Carbons and Hydrogens

150 Molecules
Boiling Point Prediction Problem AR (ENE hEEEe

°
°
@ = Acyclic Unlabeled Graphs
°
°
o Kernel Ridge Regression
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Table: Boiling Point Prediction on Alkane Dataset

] Method || Average Error (°C) [ MSE (°C) |
Neural Network 3.11453 3.69993
KMean 4.65536 6.20788
Random Walk Kernel 10.6084 16.2799
Graph Laplacian Kernel 10.7948 16.4484
Treelet Kernel 1.40663 1.91695
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Experiments

Cyclic Molecules with Heteroatoms
68 Molecules
Monoamine Oxidase Inhibitor Problem

‘t MAO Dataset Kernel from Edit Distance
)

= Classification Problem
2-Class SVM

\m@ﬁ@

V4
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Table: Classification Accuracy on MAO Dataset

Method [ Classification Accuracy |
KMean 80% (55/68)
Random Walk Kernel 82% (56,/68)
KWMean 88% (60,/68)
Gaussian Kernel on Edit Distance 90% (61/68)
Standard Graph Laplacian Kernel 90% (61,/68)
Fast Graph Laplacian Kernel 90% (61/68)

Inversion Computing Time:
@ Standard Update: 0.498 ms
@ Fast Update: 0.273 ms

B. Gaiizere, L. Brun and D. Villemin (GREYC, LCMT) GbR 2011 May 19, 2011
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Graph Laplacian Kernel
+ Definite Positive Kernel Based on Edit Distance

+ Reduction of Update Complexity
— Poor Results on Unlabeled Graphs
— Heuristics Required for Cost Operations

Treelet Kernel
+ Exhaustive Count of Unlabeled Acyclic Subgraphs

+ Non Linear Patterns Comparison
— Limited to Unlabeled Acyclic Graphs

Future Work
@ Labeled Treelets

o Cycles
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