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Problem of hierarchical representations

suppose we want to project tree on euclidean space



Problem of hierarchical representations

the deeper we 
go, the closer 
siblings get!



Solution: projection onto Poincaré unit space



How to construct this space?

Define d-dimensional 
unit sphere

Our model corresponds to Riemannian 
manifold with its metric defined as



How to construct this space? (cont.)



How to get embeddings in this space?

standard optimization problem with constraint of keeping embeddings 
inside the ball



How to get embeddings in this space? (optimize)

RSGD (Riemannian Stochastic 
Gradient Descent)

Gradient in Euclidean case

Then Gradient in 
Riemannian case



How to get embeddings in this space? (optimize)



Some applications



Compositionality of noun compounds



Compositionality of noun compounds



Where it can be important?
machine translation 



Our approach

- Two setups: “unsupervised” and “supervised”
- Each setup uses two types of embeddings: usual 

CBOW from FastText and Poincare
- In Poincare part, hyponym and hyperonym information 

is stored

On the Compositionality Prediction of Noun Phrases using Poincare Embeddings
Abhik Jana, Dmitry Puzyrev, Alexander Panchenko, Pawan Goyal, Chris Biemann, and 
Animesh Mukherjee
In proceedings of ACL, 2019



Hyperonymy and hyponymy

Banana

Fruit

hypernym_of hyponym_of



“Unsupervised” approach

Scores are based on euclidean distance between sum of word 
vectors and word vector of a compound



Results for “unsupervised” approach

Baselines with different embedding models Our approach for different amount of 
hyperonymy pairs learned



“Supervised” approach



Results for “supervised” approach

“Reduced” dataset (only examples with existing 
hypernymy are present)

Full dataset (zero vector is passed where 
Poincare representation is not available)



Another interesting application: music recommendations

Music Recommendations in Hyperbolic Space: An Application of Empirical Bayes 
and Hierarchical Poincaré Embeddings
Timothy Schmeier, Sam Garrett, Joseph Chisari, and Brett Vintch
RecSys ’19, September 16–20, 2019, Copenhagen, Denmark



Another interesting application: music recommendations

- Child-parent relations between artists
- Emperical Bayes approach to determine link 

importance
- Poincare embeddings for representing hierarchy



Results



Thanks for listening!


