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Project description:
Principal component analysis (PCA) is a ubiquitous analytic tool for the visualization and
analysis of highly multivariate data in all areas of research where quantitative analysis is
conducted. See [1] for a review on the standard PCA method.
The standard PCA method assumes the fact that the multivariate data are real valued and
Gaussian distributed (cf. [2]). Unfortunately this assumption is unreasonable for many data
types that one typically finds in applications, such as binary, positive-valued, or boundedvalued data.
In [2], it was suggested that one could extend the standard PCA method to the analysis of
these alternative data types via inverse regression using generalized linear models (GLMs;
[3]) based on 1-parameter families of exponential distributions and maximum likelihood
estimation, with regression coefficients being constrained to the Grassmann matrix
manifold (cf. [4]).
Traditionally, optimization problems that constrain the parameter space to manifolds have
been difficult to solve. However, recent innovations, such as the ManifoldOptim package for
R [5], have made solving such problems significantly easier.
This project proposes to use ManifoldOptim and similar tools to develop novel algorithms
for conducting PCA on non-standard data types. The core aim of the project is to then
implement these algorithms as an R package, that will be made available for the scientific
public to use.
The ideal candidate for this project will have experience with optimization, regression
analysis, matrix algebra, and programming in R. Upon completion of this project, there are
numerous directions for further research, and the project can lead directly into a PhD thesis.
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