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Synergies Between Disentanglement and Sparsity: a Multi-Task Learning Perspective
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Disentangled representation

• Definition
- Informally, a representation is considered disentangled when its components are in one-

to-one correspondence with natural and interpretable factors of variations, such as object 
positions, colors or shape. (This paper)

- Atomic, orthogonal, complete

• Related
- Factorization, Dictionary learning, Sparse coding
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Deep factorization for speech signal
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Sparsity

• At the heart of the paper’s contributions is the assumption: only a small subset of all 
factors of variations are useful for each downstream task, and this subset might change 
from one task to another. 

• Related
- Sparse autoencoder
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Take-away

• Learning a shared representation across tasks while penalizing the task-specific 
base-predictor to be sparse can induce disentanglement.



Paper contents

• How disentangled representations coupled with sparsity-regularized base-
predictors can obtain better generalization

• How one can leverage multiple sparse tasks to learn a shared disentangled 
representation by regularizing the task-specific predictors to be maximally sparse

• Learn disentangled representations based on a sparsity-promoting bi-level 
optimization problem

• Connection between this bi-level optimization problem and some formulations 
from the meta-learning literature



Notation



Disentanglement and sparse base-predictors for improved generalization
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Disentanglement and sparse base-predictors for improved generalization

• Empirically



Disentanglement via sparse multitask learning

• Learning a shared representation across tasks while penalizing the task-specific 
base-predictor to be sparse can induce disentanglement.
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Disentanglement via sparse multitask learning

• The following assumption requires the ground-truth representation fθ(x) to vary 
enough such that its image cannot be trapped inside a proper subspace. 
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Tractable bilevel optimization problems for sparse multitask learning



Link with meta-learning

• Not done



Identifiability

https://en.wikipedia.org/wiki/Identifiability
https://www.analyticsvidhya.com/blog/2021/05/statistical-modelling-and-identifiability-of-parameters
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Lasso & Ridge Regression

https://www.mygreatlearning.com/blog/understanding-of-lasso-regression

https://www.mygreatlearning.com/blog/understanding-of-lasso-regression


Recall

• Unsupervised learning of disentangled representations is fundamentally 
impossible without inductive biases on both the models and the data (the lack of 
identifiability).

• Sparse base-predictors as inductive bias.

Challenging common assumptions in the unsupervised learning of disentangled representations

https://scholar.google.com/scholar_url?url=https://proceedings.mlr.press/v97/locatello19a.html&hl=en&sa=T&oi=gsb&ct=res&cd=0&d=6335279708048204312&ei=VsPIY6vXC46yyAT91Y3gCA&scisig=AAGBfm0ZiDSti1HuGMMzp1KZWfgDHsreWg


Review
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Discussion

• Wahaha

• Tks


