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The dynamics of a system are key to understanding the un-
derlying principles and behaviour of a system. However, even
simple systems can have incredibly intricate behaviour. This
is compounded by the presence of multi-scale behaviour, re-
quiring a new type of analysis.

Persistent (co)-homology
is the most commonly
used topological invari-
ant. It is inherently
multi-scale and highly
general, making it ideal
to handle complex
systems. It tracks the birth and death (i.e. merging) of ho-
mology classes, and represents this as either a persistence bar-
code or persistence diagram. This can represent scale, time,
or some some other variable of interest. The power of persis-
tent homology is that it can in principle be computed on any
space, including the space of maps.

We will consider primarily two use cases: robotics and so-
cial media. Social media includes well-known datasets such
as Wikipedia, streams of news content, Twitter and collab-
oration networks derived from ArXiV. On the robotics, the
topology of configuration spaces as well as topological char-
acterizations are important in understanding and designing
effective robotic systems.

All data measurements
are subject to noise.
Statistics has a long his-
tory of dealing with noise
and data analysis.In this
project, we will expand

the interaction between topology and statistics as well as
develop formal inference technique. One important step is
to understand the behaviour of topological noise (see Fig-
ure). Other important problems are that of model selection
(especially for understanding scale) and understanding the
effect of smoothing on data.

The study of dynamical systems has been greatly inter-
twined with topology with notable connections in areas such
as Morse theory and with the study of chaotic systems based
on the Conley index. Topology is successful here precisely
because it only requires local connection information and
from this can derive global behavior in a principled way.

Category theory has proven
itself as a powerful language
for abstraction and generaliza-
tion in mathematicss. Often
phrasing existing mathemati-
cal techniques in category
theory language highlights and focuses the underlying ab-
stract structures. Our goal is to explore categories as a
fundamental abstraction tool for topological and algebraic
approaches to systems. This will lead to the development
of new tools based on structures such as sheaves.


