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Given 𝑥, predict 𝑦 regardless of 𝑠
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From The Variational Fair Autoencoder. Louizos et al. ICLR 2016.
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Fair classification

Given 𝑥, predict 𝑦 regardless of 𝑠

Should person A (𝑥) get a loan (𝑦) 
regardless of their sex (𝑠)?

Separate problems solved by separate architectures
From The Variational Fair Autoencoder. Louizos et al. ICLR 2016.
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Uses interpretable representations?

Prototype-based classification

Supports multiple concept relationships?

Training losses for concept “alignment”

Concept Subspace Network



Prototype Based Classification

• Encode 𝑥 into a latent representation 𝑧
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Prototypes define a “Concept Subspace” for classification.
Moving relative to that space changes classifications.
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• Introduce a new set of prototypes for each 
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Enabling multi-concept classification

• Introduce a new set of prototypes for each 
classification task:
• Bird vs. dog

• Toucan vs. Sparrow vs. Pug vs. Lab etc.

• Each set defines a subspace

• Measure alignment between subspaces
• 𝑎 = 1 parallel

• 𝑎 = 0 orthogonal



Multi-concept classification

Hierarchical classification → Parallel subspaces



Multi-concept classification

Hierarchical classification → Parallel subspaces Fair classification → Orthogonal subspaces



Results: Fair Classification

Match SOTA, compared to other fair classifiers



Results: Hierarchical Classification

Achieve SOTA (for given backbone) 
on CIFAR100

- Greater overall accuracy

- Lower cost of errors

From Leveraging Class Hierarchies with Metric-Guided 
Prototype Learning. Garnot and Landrieu 2021.



Results: Fair and Hierarchical Classification

In human study:

1) Preserve participant privacy

2) Exploit hierarchical structure
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1) Interpretable representations with controllable relations

2) Unified framework for diverse classification tasks


