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Background
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Background

CLIP (Contrastive Language-Image Pre-Training)

Radford, Alec, et al. "Learning transferable visual models from natural language supervision." International conference on machine learning. PMLR, 
2021.
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Background

MERU (Hyperbolic Image-Text Representations)

Desai, Karan, et al. "Hyperbolic image-text representations." International Conference on Machine Learning. PMLR, 2023.
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Background

Why Hyperbolic:

Better capture hierarchy informations
Geometric properties to embed tree-like data
Better representation space

Tree-likeGrid-like
Polynomial level Exponential level
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Background

What is Hyperbolic: 

Negative constant curvature space

Euclidean
k = 0

Spherical
k > 0

Hyperbolic
k < 0

k is not 
constant
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Background

How to Represent Hyperbolic: 
e.g. Poincaré disk model
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Background

How to Represent Hyperbolic: 
e.g. Poincaré disk model

Two-dimensional 
Poincare disk model
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Background

MERU uses Lorentz model
use Rn+1 to represent Ln 
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Background

MERU uses Lorentz model
use Rn+1 to represent Ln 

Inner Product:
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Background

MERU uses Lorentz model
use Rn+1 to represent Ln 

Inner Product:

Norm:

Lorentz model with constantcurvature −c:

Satisfy:



< 13 >

Background

MERU uses Lorentz model
use Rn+1 to represent Ln 

Geodesics:

Tangent space for z:

Project to Tangent space:
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Background

Exponential map:

Logarithmic map: 



< 15 >

Background

• MERU Model Design
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Background

• MERU Model Design
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Background

• MERU Model Design

Contrastive Loss

Entailment loss

Not cos similarity, 
but geodesics

Le, M., Roller, S., Papaxanthos, L., Kiela, D., and Nickel, M. Inferring Concept Hierarchies from Text Corpora via Hyperbolic Embeddings. In 
Proceedings of the Annual Meeting on Association for Computational Linguistics (ACL), 2019. 3, 4, 9
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Method

Object-scene hierarchy



< 20 >

Method
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Method

Contrastive:

Entailment:

Total Loss:
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Method
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Exper iments
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Experiments

• Datasets
• Grounded vision-language pairs

• Grounded Image-Text Pairs (GRIT) dataset: 20.5 million pairs
• RedCaps
• Conceptual Captions 3M（CC3M）
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Experiments
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Experiments

Zero-shot classification
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Experiments

Zero-shot retrieval, detection, and hierarchical classification
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Experiments

Visualizing the learned hyperbolic space of HyCoCLIP in lower dimensions
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Interpolation 
between points

Experiments



Thanks for 
Listening！


