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- definitions,
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Applications
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The generalized Clifford and Lipschitz groups can be interesting:

● in deep learning to construct neural networks that are equivariant 
with respect to the action of pseudo-orthogonal groups,

● for consideration of the Galilei group related to the spin groups in the 
Galilei–Clifford algebra           , 

● for the study of the generalized degenerate spin groups,

● for working with orthogonal transformations in PGA            , which are 
applied in computer graphics and vision, robotics, motion capture, 
dynamics simulation, etc.



1.    Geometric algebras

4



Geometric algebras
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Grade involution and projections
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2.   Ordinary Clifford, Lipschitz, and spin groups
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Clifford, Lipschitz, and spin groups
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Clifford, Lipschitz, and spin groups
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Clifford, Lipschitz, and spin groups
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Clifford, Lipschitz, and spin groups
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3.    Generalized Clifford and Lipschitz groups
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The subspaces determined by the grade 
involution and the reversion
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups

Filimoshina E., Shirokov D.: On Some Lie Groups in Degenerate Clifford Geometric Algebras. 
Advances in Applied Clifford Algebras, 33(44) (2023), arXiv:2301.06842
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https://arxiv.org/abs/2301.06842


Centralizers and twisted centralizers

Filimoshina E., Shirokov D.: A Note on Centralizers and Twisted Centralizers in Clifford Algebras, Adv. Appl. 
Clifford Algebras, 2024 (to appear), arXiv:2404.15169
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https://arxiv.org/abs/2404.15169
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Examples of centralizers and twisted centralizers



3.1. Generalized Clifford and Lipschitz 
      groups  
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups

23



Examples

Filimoshina E., Shirokov D.: On generalization of 
Lipschitz groups and spin groups. 
Mathematical Methods in the Applied Sciences, 
47(3), 1375–1400 (2024)

Shirokov D.: On inner automorphisms 
preserving fixed subspaces of Clifford 
algebras. 
Adv. Appl. Clifford Algebras 31(30), (2021) 
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https://arxiv.org/abs/2205.06045
https://arxiv.org/abs/2205.06045
https://arxiv.org/pdf/2011.08287
https://arxiv.org/pdf/2011.08287
https://arxiv.org/pdf/2011.08287
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3.2. Generalized Clifford and Lipschitz 
      groups  
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups
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Generalized Clifford and Lipschitz groups
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Examples

Filimoshina E., Shirokov D.: On generalization of 
Lipschitz groups and spin groups. 
Mathematical Methods in the Applied Sciences, 
47(3), 1375–1400 (2024)

Shirokov D.: On inner automorphisms 
preserving fixed subspaces of Clifford 
algebras. 
Adv. Appl. Clifford Algebras 31(30), (2021) 
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https://arxiv.org/abs/2205.06045
https://arxiv.org/abs/2205.06045
https://arxiv.org/pdf/2011.08287
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4.   Degenerate Lipschitz and spin groups                       
and generalized degenerate spin groups
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Degenerate Lipschitz groups
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Brooke J.: A Galileian formulation of spin. I. Clifford algebras and spin groups. 
J. Math. Phys., volume 19 (1978)

Brooke J.: Spin Groups Associated with Degenerate Orthogonal Spaces. 
Clifford Algebras and Their Applications in Mathematical Physics, Part of the NATO ASI Series, volume 183 (1986)

Crumeyrolle A.: Orthogonal and Symplectic Clifford Algebras. 
1st edition. Springer, Netherlands, 1990.

https://pubs.aip.org/aip/jmp/article-abstract/19/5/952/460155/A-Galileian-formulation-of-spin-I-Clifford?redirectedFrom=fulltext
https://link.springer.com/chapter/10.1007/978-94-009-4728-3_8
https://link.springer.com/book/10.1007/978-94-015-7877-6


Degenerate Lipschitz groups
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Degenerate Lipschitz groups
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Filimoshina E., Shirokov D.: On Some Lie 
Groups in Degenerate Clifford Geometric 
Algebras. Advances in Applied Clifford 
Algebras, 33(44) (2023)

https://arxiv.org/abs/2301.06842
https://arxiv.org/abs/2301.06842
https://arxiv.org/abs/2301.06842
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Ruhe D., Brandstetter J., and 
Forré P.: Clifford Group 
Equivariant Neural Networks. 
2023, arXiv:2305.11141.

Degenerate Lipschitz groups

https://arxiv.org/abs/2305.11141
https://arxiv.org/abs/2305.11141
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Ruhe D., Brandstetter J., and 
Forré P.: Clifford Group 
Equivariant Neural Networks. 
2023, arXiv:2305.11141.

Degenerate Lipschitz groups

https://arxiv.org/abs/2305.11141
https://arxiv.org/abs/2305.11141


Degenerate spin groups
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Generalized degenerate spin groups
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Conclusions
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Thank you!
Ekaterina Filimoshina (efilimoshina@hse.ru) and

Dmitry Shirokov (dshirokov@hse.ru)
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