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• 3D conformers are unstable 

→ unreliable fusion

Valid conformers vary by 

sampler/seed; early 3D-
dependent fusion overfits 

these artifacts and yields 
inconsistent predictions.

• Naive/symmetric fusion → 

modality collapse

Equal, everywhere fusion lets 
high-variance 3D dominate, 
drowning SMILES semantics 

and hurting robustness.



Two streams:

• Structural-fusion 

stream: 2D+3D fused 

→ unified structural 

prior, propagated 

independently.

• Sequence stream: 

SMILES tokens 

modeled first; prior 

injected later via 

dedicated attention.



Novelty 1: Structured Fusion Pipeline (SFP)

• Structural Unified Graph: nodes (atoms), bonds, and auxiliary geometric 

linkages (lengths & angles) create a rotation-invariant joint structure.

• Geometry-Aware Substructure Partitioning: extend BRICS to 3D; fuse 

global + local features with gated fusion to form the structural prior.



Novelty 2: Progressive Injection (PI)

• Injection Enhanced Attention: bidirectional cross-attention aligns 

structure  sequence, then pooled prior updates a global token 

[GTK]; prior continues evolving in state-space layers (Mamba) 

across depth.

• Why progressive? Early symmetric fusion distorts semantics; 

delayed injection yields better stability and convergence.



Benchmarks
• Benchmarks: 29 tasks (TDC, MoleculeNet, Reaxtica).

• Overall: MuMo averages +2.7% over best baseline; rank-1 in 
17/21 (TDC + MoleculeNet) and +27% on LD50 from TDC.

• QM datasets: wins 7/10 tasks, robust to conformer sensitivity.

• Broader chemical reaction benchmarks.



Insights
• Pretraining losses show the effectiveness of modality fusion.

• Attention visualization. From Layer 9, the graph and geometry feature start interacting with the SMILES stream.



Welcome to connect and collaborate!
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