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We conducted research to elucidate index theory for operators on a discrete
quarter-plane (quarter-plane Toeplitz operators). Based on a well-expected relation between index
theory for quarter-plane Toeplitz operators and higher-order topological insulators in condensed
matter physics, we aimed to clarify the geometric viewpoint for indices of quarter-plane Toeplitz
operators as some higher invariants. As a result, we derived an index formula that reveals the
underlying geometric picture and the role of analyticity. Additionally, we found explicit contact
with higher-order topological insulators and investigated foundational theories for quarter-plane
Toeplitz operators for applications. We also conducted some theoretical proposals for the study of
topological insulators in collaboration with condensed matter physicists.
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