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The Quaternion (H) Quaternionic Matrices (HM×N)

Matrix Forms in H Convolution Theorem in R,C

TL;DR
We show how the relation between Convolution and the Fourier transform

generalizes to the quaternionic domain, vis-à-vis their respective matrix forms and eigenstructure.

Quaternionic eigenstructure: The whole is more than the sum of its parts

� In the real and complex domains, spectrum σ(·) is a subset of C;

A In H, we have two distinct spectra σ`(·) and σr(·), corresponding to forms Ax = λx and Ax = xλ respectively;

� No known well-posed connection exists that relates the two spectra, and in general they can both be infinite sets;

ç With our results we shed light on this complex landscape!

Key Results

Proof of concept: Lipschitz constant bounding Perspectives
° “Quaternionized” models that include convolution

(Conformer, Fast Fourier Convolution, . . . )

M Quaternion convolution can be used as an oper-
ator in richer observation models (cf. p(g|f) ∝
exp{−β

2
‖g −Hf‖2})

8 Enables lightweight versions of models where
Lipschitz constant determination is important
(Wasserstein GANs)

¯ . . .
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