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Hyperbolic Geometry for Embedding Hierarchies
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[1] J. Lamping et al. "A focus+ context technique based on hyperbolic geometry for visualizing large hierarchies."  SIGCHI 1995.



Poincaré Ball: distances dilated towards the border
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Problem Definition & Goals

Entailment: 

● v is a subconcept of u 
● Directed edges in a directed acyclic graph

We want to: 

1. Geometrically model entailment in the embedding space
2. Exploit the power of hyperbolic geometry
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Poincaré Embeddings [2]

● Train loss:

● Predict entailment at test time via heuristic

5[2] Nickel, Maximillian, and Douwe Kiela. "Poincaré embeddings for learning hierarchical representations." NIPS 2017.



Order Embeddings [3] 

6[3] Vendrov, Ivan, et al. "Order-embeddings of images and language." ICLR 2016

● Geometric modeling of partial order relations induced by a tree/DAG via 
simple entailment cones in 

● Drawbacks



Riemannian Entailment Cones

● Generalize convex entailment cones to any Riemannian manifold:

● Induce a partial order in the embedding space
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Riemannian Convex Cones
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Angular Entailment Cones in the Poincaré Ball
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Angular Entailment Cones in the Poincaré Ball



11

1)

2)

3)

Angular Entailment Cones in the Poincaré Ball
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4)

Angular Entailment Cones in the Poincaré Ball
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Angular Entailment Cones in the Poincaré Ball
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Angular Entailment Cones in the Poincaré Ball
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Angular Entailment Cones in the Poincaré Ball
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Website: hyperbolicdeeplearning.com
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    Code: github.com/dalab/hyperbolic_cones
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http://www.hyperbolicdeeplearning.com
https://github.com/dalab/hyperbolic_cones

