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Gyrogroups: group-like structures

Big Picture of Gyrogroups

• NOT a group, in general
• Operation NOT associative, in general
• Satisfying a generalized associative law
• Generalizing the notion of groups
• Sharing many algebraic properties with 

groups
• Being introduced by Abraham A. Ungar in 

1988
• Arising from the special theory of relativity
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Research of gyrogroups in algebra

• Classical theorems in algebra: Cayley’s 
Theorem, Lagrange’s Theorem, Isomorphism 
Theorems, Cauchy’s Theorem, and so on

• Algebraic structures of gyrogroups: 
subgyrogroups, homomorphisms, kernels, 
commutative-like property, and so on

• Construction of gyrogroups from groups

K. Wiboonton T. Suksumran

3



9/31

Chulalongkorn University  • The Annual Pure and Applied Mathematics Conference 2022  • T. Suksumran

Research of gyrogroups in algebra

Let G and H be groups and let   H → Aut(G) be 
a homomorphism. The semidirect product is a 
group with underlying set

GH = {(g, h) : gG and hH}

and group law

(g1, h1)(g2, h2) = (g1(h1)(g2), h1h2).

Is there the notion of semidirect products for 
gyrogroups?

Problem 1
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Research of gyrogroups in representation theory 

• Gyrogroup actions
• Permutation representations of gyrogroups
• Linear representations of gyrogroups
• Isometric representations of gyrogroups

K. Wiboonton T. Suksumran W. Atiponrat J. Wattanapan
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Research of gyrogroups in representation theory 

The open unit disk  = {z : |z|<1} forms a 

gyrogroup under Möbius addition defined by

Is there a nontrivial homomorphism from the 
gyrogroup  to the multiplicative group of 

complex numbers?

Problem 2
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W. Atiponrat
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Research of gyrogroups in topology

• Topological structures of gyrogroups
• Metric structures of normed gyrogroups
• Embedding of topological gyrogroups in 

topological groups/gyrogroups
• Word metrics on strongly generated 

gyrogroups 

T. Suksumran J. Wattanapan R. Maungchang
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Every locally compact Hausdorff topological 
gyrogroup can be embedded in a completely 
regular topological group as a twisted subgroup.

Can every topological gyrogroup be embedded 
in a topological group as a twisted subgroup?
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Research of gyrogroups in topology

Theorem 1

Problem 3
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Research of gyrogroups in graph theory

• Cayley digraphs of gyrogroups: 
undirectedness, connectedness, vertex-
transitivity, Hamiltoniancity, and so on

• Schreier graphs/digraphs of gyrogroup 
actions

T. SuksumranR. Maungchang P. Khachorncharoenkul
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We prove a gyrogroup version of the factor 
group lemma and show that some right-Cayley 
graphs of certain gyrogroups are Hamiltonian.

Is every connected right-Cayley graph of a 
gyrogroup Hamiltonian?
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Research of gyrogroups in graph theory

Problem 4
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B. Panyanak
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Research of gyrogroups in analysis

• Haar measures on locally compact Hausdorff 
strongly topological gyrogroups

• Fixed points of gyrogroup actions on CAT(0) 
spaces

A. Kaewkhao T. Suksumran W. Atiponrat

N. PhudolsitthiphatS. Tasena W. Inthakon J. Wattanapan
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Let G be a group acting on a complete CAT(0) 
space by isometries. If G has a bounded
orbit, then G has a global fixed point.

What condition must be added on a CAT(0) 
space X and on a gyrogroup G for a certain 
space of functions from G to X to be a
CAT(0) space?
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Research of gyrogroups in analysis

Bruhat–Tits / 
Cartan

Fixed Point 
Theorem

Problem 5
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Thank you very much for your attention!
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Questions & Answers 

Question?

13


