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Information Bottleneck Clustering Method

Information Theory (C. Shannon, 1948)

* Reliable communication over noisy channels
Rate Distortion Theory R(D)=  min  I(C;X)

(plelx):(d(x,c))<D]
* Gives theoretical limits on the rate x can be compressed to and

successfully reconstructed if you know c.

* R, rate: bits per data sample transmitted D, average distortion:
“difference” between transmitted and received signal.

Mutual Information

[(C;X)=H(X)-H(X|C)
* Measures how much more certain you are about x if you know c.
» H is the entropy (measures uncertainty.)

Information BottlenecK (Tishby, Pereira, & Bialek, 1999)

» Define Y as the relevant variable you want to keep that is contained
in X
* |[n our case, Y is the words in documents X.

* |nstead of minimizing distortion, maximize the information kept about
Y, while minimizing the information kept about X.

* 3 controls the trade-off between information preservation and
compression.

minI(C; X )-BI(C,;Y)
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 Lossy of compression of documents into clusters of words.
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How Many Clusters to Make?

The maximum number of meaningful clusters in a dataset can be
determined using:

 The mutual information between clusters and the relevant variable
(words), I /C; W]
A correction for finite sampling bias. (Still & Bialek 2006.)
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e The maximum of the
corrected curve indicates
the largest number of
clusters that can be
resolved in the data.
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 High-precision SIMS oxygen,
» 20 “document” datapoints with 5000 elements each sulfur and iron stable i1sotope
» Drawn from 1 of 5 Gaussian distributions analyses of geological
« Ranging over 1000 “words”: ot wora Disutons | | materials: accuracy, surface
| topography and crystal
orientation
* New frontiers in micro-analysis

of isotopic compositions of
natural materials:

Development of Fe isotopes

* On synthetic data

» We can recover all 5 distributions and group all 20 - -
* 100% precision and accuracy . s et ot
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Akoleaents: 'i'is material is based upon work supported by the National
Aeronautics and Space Administration through the NASA Astrobiology Institute
under Cooperative Agreement No. NNAO8DA77A issued through the Office of
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Space Science.




