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Traditional statistics encountered problems with 
complex, high-dimensional data because it required the 
analyst to make unreasonable simplifying assumptions, 
especially because of the absence of adequate 
computational power.  On the other hand traditional 
computer science often failed because it did not grasp 
statistical issues that govern the amount of accessible 
information in a data-set.  The recent, burgeoning 
partnership between the disciplines has led to 
theoretical growth and important new applications, 
most of which revolve around problems of regression, 
classification and clustering. Some of the new work 
goes under the heading of data mining, which is now a 
dominant methodology for analysis in science, business 
and medicine. 
 
A major theoretical problem is how to discover 
structure in high-dimensional data. For example, the 
following data show clear three-dimensional structure, 
even when projected on to two dimensions; the points 
lie on the edges of a cube, and the cube is tilted by 10° 
out of alignment with the natural axes. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
By contrast, the following display of points represents 
a similar projection, but this time for a 10-dimensional 
cube. Detection of patterns and relationships in high 
dimensions is much harder, and the addition of ‘noise’, 
ever-present in data requiring statistical analysis, 
simply exacerbates the problem. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Among applications, bioinformatic medicine has broad 
importance. For example, a clinician may want to 
predict life expectancy from lab tests, health habits, 
family history and genetic data. These data are 
potentially high-dimensional and probably bear a 
complex and conditional relationship to life 
expectancy. In fact, different kinds of regression 
relationship hold for different situations; the longevity 
of parents is irrelevant if lab results indicate terminal 
cancer.  Such conditional behaviour suggests locally 
low-dimensional regression structure, embedded in a 
high-dimensional space. 
 
In business, a standard application of data mining is to 
classify which loan applicants are good credit risks.  
Loan officers used to make these decisions according 
to judgement and experience, but legal and commercial 
incentives have moved the banking industry to seek 
objective rules that work as well as or better than 
expert opinion. These complex rules are now almost 
universally used in all major lending institutions. 
 
The programme will concentrate on new generic 
methodology and its theoretical underpinning, 
covering aspects such as strategies for explicit and 
implicit dimension-reduction, classification methods 
for complex datasets (including machine-learning 
approaches), asymptotic theory for increasing 
dimension, and graphical and other visualisation 
methods for complex datasets. The discussion of 
applications will permeate the programme, drawn 
from contexts such as image analysis, microarray 
analysis, finance, document classification, astronomy 
and atmospheric science. 

 

 

 


