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A single trained model visualizes unseen datasets directly 
— no hyper-parameter tuning, no retraining.



Motivation

Visualization quality is sensitive 
to  perplexity / n_neighbors.



Problem Formulation

Cross-Dimension Challenge

Translation, Rotation, and Scaling Ambiguity



Method
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Transferability, Efficiency, and Theory
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Conclusion

• Takeaways:
• Train once, visualize directly
• Works across varying dimensions and domains
• Affine-invariant supervision stabilizes learning

• Core Contributions:
• End-to-end HDV across varying feature dimensions and domains by 

converting each dataset into multi-scale similarity graphs.
• Affine-invariant supervision aligns pairwise geometry instead of raw 

coordinates, resolving rotation / translation / scale ambiguity.
• Strong generalization on unseen datasets with competitive or even better 

results than optimized t-SNE / UMAP on gene and tabular data.


