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How Does Large Neural Networks Represent Data?

Identify the roles of 
network components

Identify the network 
components for given roles

Sharkey, L., Chughtai, B., Batson, J., Lindsey, J., Wu, J., Bushnaq, L., ... & McGrath, T. (2025). Open problems in mechanistic interpretability. arXiv.

Mechanistic Interpretability: Understanding the 
structures underlying internal model representations.

• Decompose the internal AI representation into interpretable components.
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Concepts

#1 Cat

#2 Car

#3 Table

How Does AI Represent Data?

Elhage, N., Hume, T., Olsson, C., Schiefer, N., Henighan, T., Kravec, S., ... & Olah, C. (2022). Toy models of superposition. arXiv.

• Features are sufficiently sparse, so assign 
features rarely co-occur to one neuron.

• As sparsity increases, models use superposition 
to represent more features than dimensions.
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Linear Representation Hypothesis (Model of Data)

We have “model of data”; we can now construct a sparse autoencoder 
(SAEs) to extract geometry of representations in large language models.

• Features are represented by directions.

• Features are linearly accessible.
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Sparse Autoencoders (SAEs) to Extract 
Concepts from Model Representations

Internal model 
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Sparse 
representation

Reconstruction
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Conceptual Organization in Neural Representations

Costa, V., Fel, T., Lubana, E. S., Tolooshams, B., & Ba, D. (2025). From Flat to Hierarchical: Extracting Sparse Representations with Matching Pursuit. NeurIPS.

A) Linearly accessible: approximately 
orthogonal abstract directions, a.k.a 
Linear Representation Hypothesis (LRH).

B) Hierarchical: representations are 
structured in parent-child relations.

C) Nonlinear, multidimensional, and 
temporally structured …
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From Flat to Hierarchical Representations

Costa, V., Fel, T., Lubana, E. S., Tolooshams, B., & Ba, D. (2025). From Flat to Hierarchical: Extracting Sparse Representations with Matching Pursuit. NeurIPS.
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Extracting Hierarchical Representations with
Matching Pursuit Sparse Autoencoder (MP-SAE)

Costa, V., Fel, T., Lubana, E. S., Tolooshams, B., & Ba, D. (2025). From Flat to Hierarchical: Extracting Sparse Representations with Matching Pursuit. NeurIPS.
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MP-SAE Recovers Hierarchical Correlated Features

Costa, V., Fel, T., Lubana, E. S., Tolooshams, B., & Ba, D. (2025). From Flat to Hierarchical: Extracting Sparse Representations with Matching Pursuit. NeurIPS.
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Extracting Features from Internal 
Representations of Vision Models

MP-SAE recovers 
more expressive 

features than 
standard SAEs.

MP-SAE promotes 
conditional 

orthogonality
at inference.

Costa, V., Fel, T., Lubana, E. S., Tolooshams, B., & Ba, D. (2025). From Flat to Hierarchical: Extracting Sparse Representations with Matching Pursuit. NeurIPS.
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Interpreting Multi-Modal Large Models

Costa, V., Fel, T., Lubana, E. S., Tolooshams, B., & Ba, D. (2025). From Flat to Hierarchical: Extracting Sparse Representations with Matching Pursuit. NeurIPS.
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Identifying Shared Structures Across Modalities

Costa, V., Fel, T., Lubana, E. S., Tolooshams, B., & Ba, D. (2025). From Flat to Hierarchical: Extracting Sparse Representations with Matching Pursuit. NeurIPS.

SigLIP
SigLIP2

AIM
V2

CLIP

Modality Score

C
ou

nt
s

BatchTopK

0 0.5 1

4000

2000

4000
2000

4000
2000

4000
2000

TopK

0 0.5 1

4000

2000

2000

4000

2000

4000

2000

MP

0 0.5 1

1000

500

400

200

1000

500

400
200

Emergent modality 
subtraction from 
abstract meaning



13

Interpretability should begin with 
geometry of model representations, with 
methods to reflect those assumptions.

Costa, V., Fel, T., Lubana, E. S., Tolooshams, B., & Ba, D. (2025). From Flat to Hierarchical: Extracting Sparse Representations with Matching Pursuit. NeurIPS.
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