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Motivation: Why 
ombine data?�High-throughput� methods arein
reasingly popular.They produ
e lots of indire
t, generi
 andpartial data.The data produ
ed is often very noisy.Combination of di�erent kinds of eviden
emight improve statisti
al signi�
an
e andredu
e the noise.
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What is Data FusionMany kinds of analyses obtain results by
ombining 
ertain di�erent datasets in oneway or another.We are, however, interested in approa
hesthat 
an s
ale to integrating di�erent andnearly arbitrary kinds of data.
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OutlineData fusion �in general�Case study: Bayes netsCase study: kernel methods
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A General Data Analysis StrategyAny data analysis looks like that:1. Represent the data in an appropriateform2. Perform a 
ertain statisti
al pro
edure3. Convert the results to a useful formData fusion is easiest at step 1 (earlyintegration) or 3 (late integration).
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Common RepresentationIn most 
ases the 
hoi
e of 
ommon datarepresentation pretty mu
h de�nes thealgorithm to be used:Data ve
tors/matri
esDistan
e metri
s/Kernel matri
esGraphs/binary predi
ates
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Example: Bayes Nets

A Bayesian framework for 
ombining heterogeneous data sour
es for genefun
tion predi
tion. Troyanskaya et al. PNAS, 2003.
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Example: Bayes Nets
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Example: Kernel MethodsOften pairwise inner produ
ts su�
e foranalysis.
⇒ the kernel matrix as a 
ommonrepresentation.A variety of kernels exist for all kinds ofdata.Di�erent kernels 
an be 
ombined bysumming.
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KernelsProtein sequen
e kernelsProtein intera
tion kernelsGene expression kernels
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Kernel 
ombinationDi�erent kernels 
an be weighed andsummed:
K = λ1K1 + λ2K2 + · · · + λnKnLan
riet et al. present an SVM
lassi�
ation algorithm that 
an �gure outthe weights automati
ally.
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Example: Membrane proteinsInput: the 
olle
tion of di�erent kernelmatri
es + CYGD annotations.Pro
edure: split the data into training/testsets, predi
t values for test set.Evaluation: 
ompare the performan
e toalternative methods.
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Example: Membrane proteins
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More appli
ationsYeast protein fun
tion predi
tionBiologi
al pathway predi
tionProtein-protein intera
tion predi
tionClustering & sear
h for motifs
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SummaryAlthough a re
ent development, there arealready several frameworks for data fusionThe major approa
hes are 
lustering,Bayesian inferen
e and kernel methods.
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Hope you don't have any questions...
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