
Geometric Structure in High-Dimensional

Representations: Theory and Applications to Language

Jiayi Chen

Abstract

High-dimensional representations are now widely used to study language
and other complex data, yet they are often treated primarily as inputs to pre-
dictive models rather than as mathematical objects with structure of their
own. In this thesis, we view text embeddings as structured spaces whose
geometry encodes meaningful relationships. The main contributions split
broadly into two major parts. The first part consists of empirical studies
showing that text representations exhibit meaningful global structure: met-
ric and clustering patterns capture relationships such as genre, authorship,
discourse, and stylistic similarity in literary corpora and legal texts. The
second part develops a probabilistic framework for studying local geometry
in noisy high-dimensional settings. By modeling tangent space estimates as
random variables, it reformulates curvature estimation as a problem of sta-
tistical inference and explains biases in naive estimators. Together, these
results show that representation spaces encode meaningful structure across
multiple scales and provide tools for interpreting language and other complex
data through geometry.


