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TL;DR: Matryoshka Sparse Autoencoder is a high-performing utility tool for interpreting and controlling complex models like CLIP.

                     Motivation and Problem                    

         Application of MSAE to Similarity Search and Bias Validation on Dowstream Tasks        

1. Motivation: Understanding how complex multimodal models,
like CLIP, process and represent information is crucial for their
responsible development and deployment. Sparse
Autoencoders (SAEs) offer a way to disentangle these complex
representations into human-interpretable features.

2. Problem:  Current SAEs struggle with simultaneously
optimizing both reconstruction quality and sparsity. They
often rely on activation suppression (ReLU) leading to
activation shrinkage or rigid sparsity constraints (TopK). The
question is, can we train SAE withouth these limitations? 

3. Solution: Train SAE using Matryoshka representation
learning! (Kusupati et al., NeurIPS 2022)

For a given input x, MSAE computes h latent representations zᵢ
during training using a sequence of increasing k values {k₁, k₂,
..., kₕ } in TopK function with |TopK₁| < |TopK₂| < … < |TopKₕ| ≤ d
(SAE latent size), where αᵢ are weighting coefficients:

Nearest Neighbor Search with
concept manipulation 

Spurious correlation evaluation for gender classifcation 

Top MSAE activation samples for a given concepts 

Quantitative comparison of SAE models on
ImageNet-1k

     Detected Multimodal Concepts in CLIP                                 Evaluating MSAE                            

Training modality influence on MSAE performance
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