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PDEs - the language of science / simulation

• Often, data shows relation between 

different fields and field components, 

which standard methods do not take into 

account.



Clifford algebras have multivector structure



Signature of Clifford algebra

 Cl(p,q) where (p,q) is the signature of the Clifford algebra:

 Cl(0,1) with base vectors (1, e1) is isomorph to the complex 

numbers with e1= i.

 Cl(0,2) with base vectors (1, e1, e2, e1e2) is isomorph to the 

quaternions with e1 = i, e2 = j, e1e2 = k. 



Geometric product

 Bilinear operation on multivectors:

 For example, geometric product for Cl(2,0):



Clifford convolution

 Replace convolution with Clifford convolution:



Dual representation



Clifford Fourier Transform



Results 



ResNets vs CResNets / FNOs vs CFNOs



Material

• Paper: [2209.04934] Clifford Neural Layers for PDE Modeling (arxiv.org)

• Codebase: CliffordLayers - CliffordLayers (microsoft.github.io)

https://arxiv.org/abs/2209.04934
https://microsoft.github.io/cliffordlayers/
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