
Learning Structured Representations by 
Embedding Class Hierarchy

Siqi Zeng, Remi Tachet des Combes, Han Zhao

1



Hierarchical label structures widely exist in many real-world datasets…

CIFAR100 Tree
Tabin & Mohammad 2016; Deng et al. 2009

flower

root
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…×20

fish

Isshiki 2020; 
Krizhevsky, 2009
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Cophenetic Correlation Coefficient (CPCC) [Sokal & Rohlf (1962)]

The Euclidean distance between two class centroids, 
where vi and vj are classes.

The shortest distance between two vertices.
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With CPCC as a regularizer…
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With CPCC as a regularizer…

CPCC is flexible!

✓ Replace                with any flat/hierarchical loss functions
✓ Applicable to trees with any height
✓ Computationally Efficient
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Fine classes from the same 
coarse classes tend to be 
closer, and coarse classes 
tend to be further apart.

Structure of Learned Representations

*Matrix values are Euclidean distance between two fine class centroids.
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Why Structured Representation?

Better Generalization

… to unseen classes and levels

OOD Detection
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Takeaway

✓ CPCC successfully creates a structured representation
✓ CPCC is flexible and lightweight
✓ CPCC leads to better generalization in some scenarios, and can be 

applied to even more settings (subpopulation shift, OOD detection, …)

Paper: https://openreview.net/forum?id=7J-30ilaUZM 

Code: https://github.com/hanzhaoml/HierarchyCPCC 

Contact: siqiz@andrew.cmu.edu

Thanks for listening!
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