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Progress in science has long been driven by two complementary
technologies: the languages available for making statements about the
objects of study, and the algorithms available for deriving and evaluating
those statements. More expressive languages make it easier to conceive
and communicate new scientific concepts; more accurate and powerful
algorithms allow researchers to infer and evaluate a wider array of those
concepts.

In the past several decades, research in machine learning and data mining
has made important advances in both languages and algorithms. One class
of important milestones includes languages for modeling the joint probability
distribution of large sets of variables, methods for learning the structure and
parameters of these models from data, and methods for using those models
to infer the value of unobserved variables. These methods have been
extended to a wide array of data types, including temporal, spatial, and
sequential data, and they have been applied to a diverse set of problems in
data-rich fields including biology, sociology, astronomy, neurology, and
ecology.

However, new frontiers await. Recent research in machine learning and
data mining, combined with unprecedented changes in data availability,
promises to enable investigation of the emergent behavior of large groups
of interacting components. These include complex socio-technical systems
such as the Internet, human social and organizational networks, and
complex natural systems such as genomic and metabolic networks. The
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technical progress to date within machine learning has been rapid, and the

potential for powering discovery in other fields appears enormous.
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