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ØAn intricate challenge is generalizing across configurations like transformations, 
morphologies, and tasks, which are interlinked and complicate the learning process. 
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Motivation

q The Symmetry in 3D Multi-Entity Physical Environments

Our Contributions

Ø We propose SHNN, a framework to optimize policies in 3D multi-entity environments, replacing hand-crafted LRFs with a model that

isolates local transformations and compresses state space using local geometric symmetry, especially under gravity influences.

Ø Introducing MEBEN, a set of MARL environments focused on morphology-based multi-entity interactions,

supporting both cooperative and competitive dynamics across various transformation scenarios.

q Evaluations in Diverse Environments

q Importance of Local Symmetry

q Extended Evaluations on Transformer
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In particular, multi-entity systems, which include agents, objects, present considerable 
challenges compared to single-entity scenarios, partly due to exponential expansion of global 
transformations as the number of entities increases. 

Method

q Subequivariant Hierarchical Neural Networks (SHNN)
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q Multi-entity Benchmark (MEBEN) Team Sumo: cooperation & competitionTeam Reach: cooperation
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q Ablations on Assignment q Ablations on Equivariance

q Analyses of Morphology-shared Policy

q Model 
Comparison: 
Parameters and 
Training Time
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(a) 2D Planar Locomotion Environments

(b) 3D Subequivariant Locomotion Environments
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