Functional data analysis: methods, theories and
applications

Time and location: Every Wednesday evening (18.00-19:40) in 3301
Course organizer: 17

Current Instructors: ft7. &=, Juitel, i

Course home: School of Statistics and Data Science, SUFE

Course description:

In many practical problems originating from areas like geophysical sciences, astronomy,
medicine, etc., the observations often correspond to measurements of a continuous process,
which is a function of time and/or space. With rapid advances in technology, such
measurements are becoming more and more frequent, thus pushing the boundaries of high-
dimensional data analysis. In data science, high dimensional problems are often approached
through dimension free analysis by treating an observation as a function. This is one way
to circumvent the technical aspects identified with analyzing high-dimensional data, and
thus avoiding the curse of dimensionality. This course is meant to introduce the students to
various aspects of dimension free analysis, which obviates the technical and computational
hurdles associated with high dimensional data. This way of dealing with high dimensional
data is an emerging and rapidly developing field that requires understanding both established
methods and newly adopted techniques. The primary objective of this course will be to focus
on the application of functional data analysis techniques to real world problems, and thus,
mathematical rigor is often traded for adaptability to applications. Beginning with the
basics of the analysis of data that may be considered to be “functions”, this course will
discuss various visualization and data exploration techniques. Specifically, the course will
extensively deal with nonparametric spline smoothing, functional linear models, functional
PCA, regularization methods, analysis involving derivatives, registration and nonlinear
smoothing. Students are required to work on projects to apply the techniques on real world
problems. The preferred software for this course will be ‘R’ and/or Python, however, the
students are permitted to use any mathematical software of their liking that have facilities
to perform all task in the course (Matlab being one example). Project discussions will
enable students to share and compare ideas with each other and to receive specific guidance
from the instructors. Efforts will be made to help students to embed real-world problems
into mathematical models so that suitable algorithms can be applied with consideration of
computational constraints. By surveying special topics, students will be exposed growing
range of new methodologies.

Course Prerequisites: Familiarity with multivariate calculus and matrix algebra, basic
knowledge of introductory mathematical statistics.

Course objectives:

As a result of successfully completing this course, the student will demonstrate:

« an understanding both technical and conceptual aspects of dealing with data treated
as samples of functions,



knowledge of methods that goes beyond standard multivariate statistical methodology
through dimension free approach that accounts for the order in observed variables,

an understanding how to represent data as functions, when the data are inherently too
highly dimensional to be effectively treated as a vector, and

an understanding the role which derivative functions play in construction solutions to
practical problems.

demonstrate the ability to efficiently handle the data that have an ordering inscribed
in them and/or are highly dimensional through functional decomposition,

demonstrate understanding of the functional data approach which extends from
statistical methodology such as the principal component analysis and multivariate
regression, and

master a number of algorithmic approaches, with assistance of software packages, both
to analyze and visualize functional data.

demonstrate available choices for visualization and data exploration in the functional
setting,

identify the type of approach that is most suitable for the problem at hand, and

critically discuss the results of analysis obtained by a particular method.
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