From neurobiology to online gaming
and statistical modelling
Case study: Neural Networks and Machine Learning
The Neural Networks and Machine Learning
programme (NNM), held at the Isaac Newton
Institute in 1997, is a prime example of the wideranging impact mathematical research can have.
The programme produced spin-offs in areas as
diverse as online gaming, internet advertising, the
modelling of animal populations, and the
evaluation of new medical interventions.
Organised by Christopher M. Bishop (currently
Distinguished Scientist at Microsoft Research
Cambridge), the six-month programme attracted
over 180 participants, and was the largest
international gathering of its kind at the time. It
has since been hailed a landmark event.
Learning from imperfect data
Artificial neural networks – the result of
researchers’ efforts to mimic the processes that
take place in the human brain – have been a
focus of extensive research since the mid 1980s.
By the time of the Isaac Newton Institute
programme, the field was at a crucial junction. In
the 1990s it had become clear that the future of
machine learning hinged not so much on
neurobiology, but rather on statistics and
probability theory. Artificial neural networks
“learn” by examining large sets of training data,
but these large data sets are rarely clean. Instead
they come with errors and variability. To make the
most of such noisy data sets, it is important to

“The benefit ... has been to provide us
with a new paradigm for machine
learning. This is having a major
impact, including a major commercial
impact.”

quantify and understand the uncertainty in the
data. The recognition that these probabilistic
aspects of neural networks required a sound
mathematical footing led to the NNM
programme.
The programme organisers understood that they
needed to bring together experts from computer
science and statistics, as well as other relevant
fields, such as physics and dynamical systems.
The Isaac Newton Institute, with its expertise and
focus on interdisciplinary research, was the ideal
location to provide the time and space to
exchange ideas.
Probabilistic graphical models
One particularly fruitful, though rather
unexpected, outcome was the convergence of
neural networks theory and the theory of
probabilistic graphical models (in particular,
Bayesian networks). These graphical models
represent the elements of a data set as nodes in a
network, with the links between nodes
representing probabilistic relationships between
them. Thus, a graphical model provides a way of
representing additional structural information
about a data set.
Researchers at the NNM programme took the
crucial first steps towards incorporating into
neural networks the extra structural information
that comes with graphical models. This approach
has enabled neural networks to tackle much richer
and harder problems than was previously possible.
“The benefit of bringing the two communities
together has been to provide us with a new
paradigm for machine learning,” says the
programme organiser Christopher Bishop. “This
is having a major impact, including a major
commercial impact.”
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TrueSkill and adPredict
Following on from the Institute
programme, two practical, and
commercially extremely powerful,
applications have been developed at
Microsoft Research. Both
applications learn in real time from
large data networks comprising of
millions, or billions, of nodes.
TrueSkill is a system for the Xbox Live
internet gaming environment.
TrueSkill takes the results from the
large network of players competing
online and uses this information to
estimate players’ skills and to match
up players with similar skill levels for
the next round of games.
adPredict is a mechanism for pricing
advertisements that appear in the
Microsoft search engine Bing.
Analysing users’ “click behaviour”, it
estimates the probability that users
click on an advertisement, which
directly influences advertising
revenue.
“TrueSkill is to the best of my
knowledge the first planet-scale
application of Bayesian models,” says
Bishop. “adPredict resulted from an
internal competition within
Microsoft, in which the Bing search
engine team provided a training data
set and invited teams to compete to
produce the best predictor of the
probability that a user would click on
a particular advertisement. The
adPredict system from Microsoft
Research Cambridge was the winner
in terms of accuracy of prediction
jointly with another entry. However,
the adPredict system was chosen for
use in the product, as it was simpler
and more scalable. It is now used on
100% of US traffic and is being
rolled out world-wide.”
By bringing together two separate
scientific communities to work on a

“The [INI] programme was
an enormously stimulating
time... The free time and
space, and the opportunity
to talk to people provided a
great atmosphere for ideas.”

common theme (a “deliberate act of
social engineering” as described by
Bishop), the NNM programme not
only paved the way for the applications developed at Microsoft, but
also impacted on other areas,
including the statistical analysis of
DNA sequences, face recognition
technologies and computer vision.
BUGS
However, the NNM programme did
not just benefit the machine learning
community. One participant who was
able to put ideas from neural network
theory back into statistical analysis is
David Spiegelhalter, Winton
Professor of the Public Understanding
of Risk and Senior Scientist at the
Biostatistics Unit in the University of
Cambridge. After extensive
interaction with other programme
participants, Spiegelhalter
experienced the crucial “Eureka
moment” he needed to perfect a
statistical software package called
BUGS. The package is widely used to
fit probabilistic graphical models to
real-world data. It has a wide range
of applications, from the modelling
of animal populations to appraisals
of new medical interventions.

people provided a great atmosphere
for ideas.”
Spiegelhalter’s work eventually
resulted in the paper Bayesian measures
of model complexity and fit (with
discussion) by DJ Spiegelhalter, NG
Best, BP Carlin, and A van der Linde
(JRSS, Series B, 64:583-640, 2002).
By October 2010 this paper had over
2000 citations on Google Scholar
and 1269 on Web of Science.
According to Essential Science
Indicators from Thomson Reuters it has
become the third highest cited paper
in all the mathematical sciences over
the ten years ending in October
2009. As Spiegelhalter says, “All this
is due to the Isaac Newton Institute
providing a retreat for inspiration
and concentration.”
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