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» Each corpus-wide topic is a cluster of words.
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Computational Biology

Computational biology involves the development and application of data-analytical and theoretical
methods, mathematical modeling and computational simulation techniques to the study of
biological, ecological, behavioral, and social systems.

Itis the science of using biological data to develop algorithms or models to understand biological systems and
relationships. Until recently, biologists did not have access to very large amounts of data. This data has now

\ecome commonplace, particularly in molecular biology and genomics. Researchers were able to develop
analytical methods for interpreting biological information, but were unable to share them quickly among
colleagues.

Computational biology has been used to help sequence the human genome, ereate accurate models of the human
brain, and assist in modeling biological systems.

Bioinformatics began to develop in the early 1970s. Tt was considered the science of analyzing informatics
processes of various biological systems. At this time, research in artificial intelligence was using network models of
the human brain in order to generate new algorithms. This use of biological data to develop other fields pushed
biological rescarchers to revisit the idea of using computers to evaluate and compare large data sets. By 1982,
information was being shared among researchers through the use of punch cards. The amount of data being shared
began to grow exponentially by the end of the 1980s. This required the development of new computational methods
in order to quickly analyze and interpret relevant information.

corpus-wide topic is a cluster of words.
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Limitations: the above two models are only based on
word frequencies.




THE RESEARCH PROBLEM

Can we incorporate further information about documents? )
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Computational biology involves the and 2 cation of d; lytical and theoretical methods,
, behavioral, and

‘mathematical modeling and computational simulation techniques to the study of biological, ecologi

social systems.” The field is broadly defined and includes foundations in biology, applied mathematics, statistics,

biochemistry, chemistry, biophysics, molecular biology, genetics, ge omputer science and evolution.t

Computational biology is different from biological computing, which s a subfield of computer science and computer
engineering using bioengineering and biology to build computers, but is similar to bioinformatics, which is an
interdisciplinary science using computers to store and process biological data.

Introduction

Computational Biology, which includes many aspects of bioinformatics, is the science of using biological data to develop
algorithms or models to understand biological systems and relationships. Until recently, biologists did not have access
to very large amounts of data. This data has now become commonplace, particularly in molecular biology and genomics.
Researchers were able to develop analytical methods for interpreting biological information, but were unable to share
them quickly among colleagues.”

Bioinformatics began to develop in the early 1970s. It was considered the science of analyzing informat

various biologic: arch in artificial intelli; s of the human brain

in order to generate new algorithms. This use of biological data to develop other fields pushed biological researchers to
revisit the idea of using computers to evaluate and compare large data sets. By 1982, information was being shared
among researchers through the use of punch cards. The amount of data being shared began to grow exponentially by
the end of the 1980s. This required the development of new computational methods in order to quickly analyze and
interpret relevant information. I
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Articles can have user-generated labels, called metadata tags.
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Articles can contain external links to other articles, e.g. hyperlinks.



How do we incorporate metadata tags and hyperlinks in the model?
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PArT 11

What is the model for the formation of the above network structures?)
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SBM WITH INDEPENDENT LAYERS
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Parameter:

zit — binary values to indicate whether a node ¢ appears on layer [

Example:

Important assumptions:

Degree distribution varies across different layers.
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THE BAYESIAN INFERENCE OF THE SBM
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3. — Total information necessary to describe the data.

S — Information required to describe the network A, when the model
is known.
L — Information required to describe the model parameters 6.

13 Griinwald (The Minimum Description Length Principle, 2007)
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Will incorporating additional information available about the
documents help us to better classify them? J
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» 138 Wikipedia articles with
three categories:

mathematics: 34,
physics: 56,
biology: 48

» Number of hyperlinks: 341

» Number of distinct words:
16,378

» Number of words: 351,710

Mathematics.

Biology

Physics
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MEASURING PARTITION SIMILARITY: NORMALIZED MUTUAL
INFORMATION (NMTI)

> NMI € [0,1].

» Larger NMI values indicate better agreement.
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In each dataset Di,...,Ds

» Run the MCMC
algorithm for multiple
times.

» Obtain the inferred
partition after annealing.
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COMPARISON OF PARTITION SIMILARITIES OF DOCUMENTS
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In each dataset Di,...,Ds

» Run the MCMC
algorithm for multiple
times.
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