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Equivariant Diffusion Models

Target distribution

𝑝0

Starting 

distribution
d𝐱𝑡 = 𝐟𝑡 𝐱𝑡 d𝑡 + 𝜎𝑡 d𝐰𝑡

Generation:
• Invariant start             𝑝0 𝐱0 = 𝑝0 𝑔 ⋅ 𝐱0
• Equivariant process1 𝑔 ⋅ ∗𝐟𝑡 𝐱𝑡 = 𝐟𝑡 𝑔 ⋅ 𝐱𝑡
➔

Invariant target          𝑝1 𝐱1 = 𝑝1 𝑔 ⋅ 𝐱1
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1: 𝐰𝑡 is invariant if the group action is isometric.
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where min
𝜃

𝔼𝑝 𝐱1,𝐱𝑡 𝐃𝜃,𝑡 𝐱𝑡 − 𝐱1
2

.

𝐃𝜃,𝑡 𝐱𝑡 still learns a full mapping:
Can we leverage symmetry to reduce learning
difficulty?

𝑝1

1: 𝐰𝑡 is invariant if the group action is isometric.
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𝑛
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𝑛

,

𝑃𝐱 𝐯 = Ԧ𝑣 𝑛 − 𝐊 𝐱 −1 σ𝑛′=1
𝑁 Ԧ𝑥 𝑛′ × Ԧ𝑣 𝑛′ × Ԧ𝑥 𝑛

𝑛
,

ሚ𝐡 𝐱 = 𝐊 𝐱 −1 − tr 𝐊 𝐱 −1 𝐈 Ԧ𝑥 𝑛
𝑛

,

where 𝐊 𝐱 ≔ σ𝑛=1
𝑁 Ԧ𝑥 𝑛 2

𝐈 − σ𝑛=1
𝑁 Ԧ𝑥 𝑛 Ԧ𝑥 𝑛 ⊤

∈ ℝ3×3.

Removes total/rigid-body angular momentum!
Leaves only deformation (change of shape)!
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Thanks!

Check out our paper
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