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Representation of Mixture Systems

MM-MoLFormer[1] concatenates embedding and proportion of 
components, but ignores the permutation invariance.

MolSets[2] respects permutation invariance but discards 3D 
molecular geometry.

Uni-ELF[3] uses a hierarchical graph representation, but geometric messages 
cannot pass between different components. 

• Inputs: 
• A set of graphs 𝒢𝒢𝑚𝑚 𝑚𝑚=1

𝑀𝑀 , 𝒢𝒢𝑚𝑚 = 𝑯𝑯𝑚𝑚,𝑿𝑿𝑚𝑚 ,𝑽𝑽𝑚𝑚,𝑤𝑤𝑚𝑚 .
• A global environment condition c, i.e. temperature. 

• Task: Scalar and vector information of mixture systems.



Symmetry Constraints

• Node-level symmetry constraints
• Permutation-equivariant in each graph

• SE(3) equivariant on each graph

• Graph-level symmetry constraints
• Permutation-equivariant with respect to the order of the graphs



Pipeline



Geometric Interaction Network (GIN)

• By constructing local frames, equivariant message can pass across molecules.
• Intermolecular Transformation:

• 𝒛𝒛𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 = 𝜎𝜎inv 𝒉𝒉𝑖𝑖

𝑚𝑚 ,𝒉𝒉𝑗𝑗
𝑛𝑛 , 𝒙𝒙𝑖𝑖

𝑚𝑚 , 𝒙𝒙𝑗𝑗
𝑛𝑛 , 𝒗𝒗𝑖𝑖

𝑚𝑚 , 𝒗𝒗𝑗𝑗
𝑛𝑛 .

• 𝑰⃡𝑰𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 ≔ 𝑭𝑭𝑚𝑚𝑹𝑹𝑖𝑖𝑖𝑖

𝑚𝑚,𝑛𝑛 𝑭𝑭𝑛𝑛⊤, 𝑹𝑹𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 = 𝜎𝜎rot 𝒛𝒛𝑖𝑖𝑖𝑖

𝑚𝑚,𝑛𝑛 ∈ ℝ3×3, 𝒕⃗𝒕𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 ≔ 𝑭𝑭𝑚𝑚𝒕𝒕𝑖𝑖𝑖𝑖

𝑚𝑚,𝑛𝑛 , 𝒕𝒕𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 = 𝜎𝜎𝑡𝑡 𝒛𝒛𝑖𝑖𝑖𝑖

𝑚𝑚,𝑛𝑛 ∈ ℝ3.

• Message Construction:
• 𝒎𝒎𝑖𝑖𝑖𝑖

𝑚𝑚,𝑛𝑛 = 𝜎𝜎msg 𝒉𝒉𝑖𝑖
𝑚𝑚 ,𝒉𝒉𝑗𝑗

𝑛𝑛 , 𝒙𝒙𝑖𝑖
𝑚𝑚 , 𝒙𝒙𝑗𝑗

𝑛𝑛 , 𝒗𝒗𝑖𝑖
𝑚𝑚 , 𝒗𝒗𝑗𝑗

𝑛𝑛 , 𝒕⃗𝒕𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 .

• 𝒎𝒎𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 = 𝜎𝜎𝒙𝒙 𝒎𝒎𝑖𝑖𝑖𝑖

𝑚𝑚,𝑛𝑛 𝒙𝒙𝑗𝑗
𝑛𝑛 + 𝜎𝜎𝒗𝒗 𝒎𝒎𝑖𝑖𝑖𝑖

𝑚𝑚,𝑛𝑛 𝒗𝒗𝑗𝑗
𝑛𝑛 .

• Aggregation and Update: 
• 𝒎𝒎𝑖𝑖𝑖𝑖

𝑚𝑚 = 𝑰⃡𝑰𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 𝒎𝒎𝑖𝑖𝑖𝑖

𝑚𝑚,𝑛𝑛 + 𝒕⃗𝒕𝑖𝑖𝑖𝑖
𝑚𝑚,𝑛𝑛 . 



Dataset



Experiment



Ablation Study and Other Experiments
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