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Embedded Hierarchies
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[Zhdanov et al. ICML 2025]

[Shahid et al. ACL 2023]

[Chen et al. ICML 2025]

[Stevens et al. CVPR 2024]

[Teng et al. ICCV 2023]
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Knowledge Graphs and Ontologies
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[schema.org]

[Carriero et al. Semantic Web 2024]

Most methods use the hierarchies as is, however, ontology engineers have control over the hierarchy.

[The ETHEC entomological hierarchy]

http://schema.org
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How can hierarchies be designed to suite ML tasks?

4[Tree of life by Gustav Klimt]
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Optimal geometry for hierarchical representation
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[Bachmann et al. ICML 2020]

Eu
cl

id
ea

n
H

yp
er

bo
lic

[KAPLAN et al. TOG 2004] [M.C.Escher’s "Circle Limit III”]

“Hyperbolic space can be thought of as a continuous analogue to discrete trees”
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Controlled Experiment Setup
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Hyperbolic Embedding Methods, Hierarchies, Evaluation Metrics
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Hyperbolic Embedding Methods
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Gradient-based Construction-based
Poincaré Entailment Precomputing Hadamard

High-quality embeddings

Preserve original hierarchy structure

Fast

Arbitrary-precision arithmetic

General-purpose

Quality not guarantied

Enforce structure
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Diverse Hierarchies
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Balanced Imbalanced

Long-tailed
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Evaluation Metrics
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Experiments
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Depth or Width? 
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I. All methods except for Poincaré: wide and shallow hierarchies have lower distortion.
II. Construction-based methods paired with wide hierarchies achieve optimal embeddings.

Cheatsheet:

↓ "#$% ↓ "&' ↑ )*+
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What is the impact of more nodes on embedding quality?

12A strong increase in semantic complexity has minimal impact on embedding quality.

Cheatsheet:

↓ "#$% ↓ "&' ↑ )*+
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Balanced or Imbalanced?

13Better to have a wide imbalanced tree than a deep balanced one!

Cheatsheet:

↓ "#$% ↓ "&' ↑ )*+
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Case study: The Pizza and ImageNet ontologies  
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I. Poincaré: only method to handle multiple inheritance
II. Hierarchy reorganization leads to better distortion and MAP

Cheatsheet:
↓ "#$% ↓ "&' ↑ )*+
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Recommendations
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✓ Design hierarchies for width 
✓ Do not worry about balance
✓ Hyperbolic embeddings can handle additional node complexity 
✓ Avoid multiple inheritance; o/w limited to Poincaré method
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Postdoc or research opportunities in industry

Learn more about my work and background

Wrapping up my PhD - Looking for What’s Next!
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m.ayoughi@uva.nl


