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Motivation and Aim: Across different scales of biological organization, biological
networks often exhibit hierarchical tree-like organization. For networks with such
structure, hyperbolic geometry provides a natural metric because of its exponentially
expanding resolution. I will describe how the use of hyperbolic geometry can be helpful
for visualizing and analyzing information acquisition and learning process from across
biology, from viruses, to plants and animals, including the brain.

Methods and Algorithms: We used topological and Bayesian dimensionality reduction
methods. These methods were used for embedding distances between data points into
different hyperbolic spaces with the goal of finding the best fitting low-dimensional
hyperbolic geometry for each dataset.

Results: We find that local noise causes data to exhibit Euclidean geometry on small
scales, but that at broader scales hyperbolic geometry becomes visible and pronounced.
The hyperbolic maps are typically larger for datasets of more diverse and differentiated
cells, e. g. with a range of ages. We find that adding a constraint on large distances
according to hyperbolic geometry improves the performance of t-SNE algorithm to a
large degree causing it to outperform other leading methods, such as UMAP and standard
t-SNE. For neural responses, | will describe data showing that neural responses in the
hippocampus have a low-dimensional hyperbolic geometry and that their hyperbolic size
is optimized for the number of available neurons. It was also possible to analyze how
neural representations change with experience. In particular, neural representations
continued to be described by a low-dimensional hyperbolic geometry but the radius
increased logarithmically with time. This time dependence matches the maximal rate of
information acquisition by a maximum entropy discrete Poisson process, further
implying that neural representations continue to perform optimally as they change with
experience.

Conclusion: In both gene expression and neural datasets, the low-dimensional geometry
expanded logarithmically in time, matching the time of the maximal information that the
system could acquire during the time allowed time period. These results suggests new
principles for vaccine development and modeling of neural responses.
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