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Shape matching is a fundamental problem in geometry processing and the core task of numerous downstream
applications, including statistical shape analysis, shape interpolation and morphing, texture and attribute trans-
fer. More broadly, shape matching is essential whenever we aim to compare the geometry of two surfaces.

Beyond classical geometry processing, shape comparison has also become a central problem in geometric
deep learning. Many learning-based pipelines rely on correspondence information to enable cross-shape feature
transfer, supervised training across shape collections, and the construction of consistent latent representations.
As a result, robust and efficient shape matching techniques may play a key role in data-driven geometry analysis.

Since its introduction in 2012 [1], the Functional Maps framework has emerged as one of the most influential
representations for shape correspondence. Its popularity stems from its compactness, interpretability, and
robustness to near-isometric and smooth non-rigid deformations. The core idea is to encode correspondences
not as explicit point-to-point maps, but as linear operators acting between functional spaces defined on the
shapes. Combined with a Fourier-like analysis, this formulation yields a low-dimensional, efficient encoding of
correspondence and enables the use of powerful functional constraints, leading to more stable optimization.

Over the past decade, significant research effort has focused on improving both the estimation of functional
maps and their conversion back to accurate point-to-point correspondences [2, 3]. At the same time, researchers
have applied functional maps across multiple data modalities, including 3D surfaces, graphs, images, and latent
neural representations [4]. Moreover, the framework has inspired a broad ecosystem of follow-up methods,
ranging from tools for deformation analysis and shape interpolation to vector field transport and functional
signal transfer [5]. Functional maps have also gained relevance as a geometric prior in learning-based pipelines,
serving as a structural constraint in deep shape correspondence models and in cross-modal matching problems
such as shape-to-image [6, 7, 8].

We will provide an overview of the functional maps framework, from its mathematical foundations to its
modern extensions and learning-based integrations. We will discuss practical challenges, recent advances in re-
finement and robustness, and emerging applications beyond classical shape matching. We conclude by outlining
open research questions, including the role of functional representations in future geometric learning systems.
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