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Conditional generation: generates samples from a single noise distribution
Condition Transfer: transfer samples from multiple source conditional distributions



Examples of Condition Transfer

✅ Condition Transfer is essential when the similarity with reference data is necessary

Examples of condition transfer includes…

• Image editing
➡  Reference image + Prompt → Modified image

• Molecule optimization
➡  Reference molecule + Physical property → Optimized molecule

• Many other editing tasks……



Prior condition transfer method: Partial diffusion

Add noise

Denoise

❌ Partial Diffusion does not guarantee similarity between source and target samples
✅ Proposed Method has a theoretical guarantee in similarity through optimal transport (OT)

Partial Diffusion [Kaufmann et al. (2024)]



Grouped and Non-grouped Data

A2A-FM (Ours)
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Non-grouped data
e.g. Molecule dataset with physical properties

Grouped data
e.g. Image dataset with labels
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❌ Multimarginal SI and EFM leverages OT but limited to grouped settings
✅ Proposed method is applicable to non-grouped settings (even continuous labels!)



All-to-All Flow-based transfer model (A2AFM)
Key Idea: Learn pairwise optimal transport (OT) through Conditional OT flow matching 

Conditional OT flow matching (COT) [Chemseddine et al. (2024), Kerrigan et al. (2024)]

‣ A conditional generation method that provably converges to conditional OT 

Idea of COT: Do OT flow matching in               with the following cost function

: Data Space

: Condition Space
Theorem (informal)
The OT map of         converges to OT between                        
for every     as                 &                   : Permutation in 1, …, N



All-to-All Flow-based transfer model (A2AFM)
Key Idea: Learn pairwise optimal transport (OT) through Conditional OT flow matching 

Pairwise OT: Optimal transport between a pair of conditional distributions

Pairwise OT cost for 

Where,

: Permutation in 1, …, N



All-to-All Flow-based transfer model (A2AFM)
Key Idea: Learn pairwise optimal transport (OT) through Conditional OT flow matching 

Idea of A2AFM: Do OT flow matching in                        with the following cost function

Theorem (informal)
The OT map of         converges to OT 
between                      for every             
as                 & 

✅ Achieves pairwise OT at 



Synthetic Experiments

trajectory

OursPairwise OT

Generalized geodesic

Ours Partial diffusion Multimarginal SIPairwise OT(a) (b)

A2AFM succeeds to mimic pairwise OT paths compared to other methods

❌Random paths✅Straight paths ❌Need Binning



Application to molecule optimization
QED experiment
‣ Edit molecules to higher QED

QED = 0.77

QED = 0.93
Similarity 

= 0.62

QED = 0.74
Similarity 

= 0.76

✔

✖

Sampled molecules

Initial molecule

QED = 0.94

✖Similarity 
= 0.25

Results

✅ SoTA performance

✅ Efficient sampling 



Conclusion

✓Proposed A2AFM, a method for condition transfer even in continuous condition case
✓A2AFM provably converges to pairwise OT
✓A2AFM achieves SoTA performance at QED optimization task

Code: https://github.com/kotatumuri-room/A2A-FM
arXiv: https://arxiv.org/abs/2504.03188
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