
Faculty of Science

Text page

Working with text levels

The UvA template has a number of 
pre-programmed text levels. Go to 
'Home' and then to 'Paragraph' to 

easily switch between different levels

Level Down

Level Up

Text levels

Body text (24 pt.)

• Bullet (24 pt.)

• Sub Bullet (16 pt.)

Title (24 pt)

Title (16 pt)

1

2

3

4

5

Hyperbolic Deep Learning
Melika Ayoughi

m.ayoughi@uva.nl

November 19th 2025



Faculty of Science

Text page

Working with text levels

The UvA template has a number of 
pre-programmed text levels. Go to 
'Home' and then to 'Paragraph' to 

easily switch between different levels

Level Down

Level Up

Text levels

Body text (24 pt.)

• Bullet (24 pt.)

• Sub Bullet (16 pt.)

Title (24 pt)

Title (16 pt)

1

2

3

4

5

What is hyperbolic 
geometry?

Continual hyperbolic 
learning

Hierarchies for optimal 
hyperbolic learning

Other applications of 
hyperbolic learning



Faculty of Science

50% text + 50% image 

Insert picture

Change the image by deleting 
the existing image. Click on 
the icon that appears to insert 

an image.

Select a picture you would like 
to insert and then click on 
‘Insert’

2

1

If you want to scale or drag 

the image, go to ‘Drawing 

Tools' and click 'Crop'. 

With the white rounds you 

can scale the image, with 

the black brackets you can 

scale the image frame.

3

Working with text levels

The UvA template has a number of 
pre-programmed text levels. Go to 
'Home' and then to 'Paragraph' to 

easily switch between different levels

Level Down

Level Up

Text levels

Body text (24 pt.)

• Bullet (24 pt.)

• Sub Bullet (16 pt.)

Title (24 pt)

Title (16 pt)

1

2

3

4

5

Euclidean = The default geometry for deep learning
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Euclidean space and hierarchies are a mismatch: linear vs. exponential growth.

Polynomial vs exponential growth
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[Bachmann et al. ICML 2020]
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Optimal geometry for hierarchical representation
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[Bachmann et al. ICML 2020]
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“Hyperbolic space can be thought of as a continuous analogue to discrete trees”
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Where do you think hyperbolic learning could be useful?
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Instance-level classification

11
Is one level of granularity sufficient in real-world applications?
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14



Faculty of Science

50% text + 50% image 

Insert picture

Change the image by deleting 
the existing image. Click on 
the icon that appears to insert 

an image.

Select a picture you would like 
to insert and then click on 
‘Insert’

2

1

If you want to scale or drag 

the image, go to ‘Drawing 

Tools' and click 'Crop'. 

With the white rounds you 

can scale the image, with 

the black brackets you can 

scale the image frame.

3

Working with text levels

The UvA template has a number of 
pre-programmed text levels. Go to 
'Home' and then to 'Paragraph' to 

easily switch between different levels

Level Down

Level Up

Text levels

Body text (24 pt.)

• Bullet (24 pt.)

• Sub Bullet (16 pt.)

Title (24 pt)

Title (16 pt)

1

2

3

4

5

Classification loss
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Inference: nearest mean of exemplars
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Accuracy: Cost of misclassification?
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Severity of model’s mistakes 
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Class-level predictions still follow the hierarchical structure even when instances are 
misclassified
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26The severity of hierarchical errors reduces by incorporating hierarchical information.
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Molecular dynamics

Hierarchical Topic Models

Molecular Description Generation

Fine-grained biology classification tasks

Multimodal audio-visual Clustering
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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, we 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?
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Controlled Experiment Setup

31

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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Depth or Width? 

36

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:

↓ 𝐷𝑎𝑣𝑔 ↓ 𝐷𝑤𝑐 ↑ 𝑀𝐴𝑃
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What is the impact of more nodes on embedding quality?

37
A strong increase in semantic complexity has minimal impact on embedding quality.

Cheatsheet:

↓ 𝐷𝑎𝑣𝑔 ↓ 𝐷𝑤𝑐 ↑ 𝑀𝐴𝑃
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Balanced or Imbalanced?

38
Better to have a wide imbalanced tree than a deep balanced one!

Cheatsheet:

↓ 𝐷𝑎𝑣𝑔 ↓ 𝐷𝑤𝑐 ↑ 𝑀𝐴𝑃
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Case study: The Pizza and ImageNet ontologies  

39

I. Poincaré: only method to handle multiple inheritance
II. Hierarchy reorganization leads to better distortion and MAP

Cheatsheet:

↓ 𝐷𝑎𝑣𝑔 ↓ 𝐷𝑤𝑐 ↑ 𝑀𝐴𝑃
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Recommendations

40

✓ 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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Other applications of hyperbolic

41

Vision-language models
Hyperbolic Safety-Aware 

Vision-Language

Hyperbolic ViT and CLIP
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