
An In-depth Investigation of Sparse Rate Reduction 

in Transformer-like Models

Background

• Design Transformer-like Models via Sparse Rate Reduction

• Interpret Multi-head Self-attention as One Step Gradient 

Descent on 𝑹𝒄(𝒁;𝑼)

 Minimize

 Minimize

Is Sparse Rate Reduction Optimized in 

Transformer-like Models?

• Pitfalls in Deriving CRATE-C

• CRATE and Its Variants

 CRATE-C

 CRATE-T

• Behaviors of Sparse Rate Reduction

Figure 2: Sparse rate reduction measure of CRATE and its variants evaluated 

at different layers and epochs on CIFAR-10.
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Problems

• Only focused on the basic implementation and lack of validating 

layer-wise optimization at both microscopic and macroscopic 

levels. 

• Whether SRR can benefit generalization of its derived models in 

a causal and principled way is not clear.

Whether Sparse Rate Reduction Benefits 

Generalization?

• Sparse Rate Reduction as a Measure of Complexity

• Correlation with Generalization

 Kendall’s coefficient 

 Results

Figure 1: In an attention-only experiment, MSSA operator with skip connection 

implements an ascent method on 𝑅𝑐 𝑍;𝑈 , opposed to its design purpose (left). 

This is due to an artifact in approximation with its second-order term. (right)

Sparse Rate Reduction as Regularization

Incorporate SRR measure into training via explicit regularization. 

Efficient implementation as per layer regularization already suffices to 

consistently boost performance.

Takeaways

• Alternative models exhibit similar behaviors, validating the 

optimization of SRR in the forward-pass. 

• SRR could be guidance to design Transformer-like models, but 

not necessarily principled.

• SRR measure is a better indicator of generalization than 

flatness-based ones but non-trivial to be extended to standard 

Transformers.
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